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Abstract 
 
Patterns of the Palestinian Students' Geometric Thinking 
Jihad Shwaikh, Dr. Fateen Masad (Advisor), 
Dr. Maher Hashweh & Dr. Khawla Shakhshir Sabri 
 
Although most researchers agree that geometry is an essential 
part of mathematics, students in many countries suffer from poor 
performance in geometry. Students encounter difficulties in 
understanding basic geometric concepts and do not exhibit sufficient 
conceptual knowledge in geometry.   
Many studies were conducted to identify and assess students’ and 
teachers’ geometric thinking based on the Van Hiele model. 
The Palestinian curriculum is still in a developmental process 
particularly in respect of geometry and geometric thinking which 
maybe areas that need further exploration. 
This study aims to investigate the Palestinian students’ geometric 
thinking based on Van Hiele model.  The sample consisted of 1,240 
students in grades 6, 8 and 10 distributed in 15 schools in Ramallah 
district in the residential locations (city, village, and camp). Two 
instruments were used: 
1. The Van Hiele Geometry Test developed by The Cognitive 
Development Achievement in Secondary School Geometry-
  
ف  
CDASSG (Usiskin, 1982). This 25-item multiple-choice test had 
been translated by the researcher and evaluated by specialists for 
language and content, and has been piloted for validity and 
reliability. 
2. Clinical interviews: 28 average and excellent students were 
interviewed to investigate in-depth their geometric thinking based 
on the work of Burger & Shaughnessy (1986). Each subject was 
faced with four tasks: (1) drawing; (2) identifying and defining; (3) 
sorting; (4) “What’s my shape?” (an inference game). Each 
interview was videotaped. 
Both, the test and the interviews, were conducted with the 
schools during April and May 2004, and analyzed later. 
This study shows that Palestinian students, like students in other 
countries, have severe difficulties in geometry and geometric 
reasoning. More than ¾ of the sample students are at the first level 
(visual) or below. 30.9% of the sample couldn’t achieve this visual 
level. Only 45.7% of students in grades 6th, 8th and 10th achieved this 
visual level. It was also found that 10.9%, 20.3%, and 21.5% of 
students in grades 6, 8, and 10 respectively achieved the second level. 
For the third level, these ratios were 1.8%, 5.7%, and 12.5% for 
grades 6, 8, and 10 respectively. 
  
ق  
Results from the test and interviews were consistent and 
manifested that students relied on global appearance to identify 
geometric shapes. Inclusion of irrelevant attributes such as unfamiliar 
orientation of the presented shape resulted in highly reduced ability to 
recognize these shapes. 
The study also showed that the patterns of the Palestinian 
students’ geometric thinking are consistent with the characteristics of  
the Van Hiele theory such as the hierarchical nature of the levels and 
the language issue. Interviews showed that students don’t have 
adequate geometric terminology to express some concepts or relations 
and had misconceptions about geometric concepts. 
Findings of this study point out to the necessity of identifying 
prior knowledge in geometry and attitudes towards geometry. It is 
recommended that teachers deepen students’ geometric understanding 
of basic shapes through presenting shapes in many orientations and 
providing non-examples and opportunities to use concrete geometric 
shapes and models. Technology, especially Logo language, provides 
motivation and interest for students to learn geometry and achieve 
higher geometric levels of thinking. 
Finally this study suggests that evaluating teachers’ geometric 
thinking and mathematics curricula as well, will help to uncover the 
weaknesses of Palestinian students’ performance in geometry. 
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اعتمدت الهندسة في المدارس اؾثاـوقة ؾفترة صوقلة على فندسة المسلمات اؾشكلوة اؾتي وضعها "
وُتقّدم الهندسة في ). المسلمات، واؾتعرقفات، واؾنظرقات، واؾبرافين(عام  0002إؼلودس ؼبل 
قة، وتفترض فذه المنافج أن اؾطلبة قفكرون بطرققة المنافج المدرسوة بنفس صرققة المسلمات الإؼلود
وؾكن اؾواؼع ؾوس ؽذؾك عادة، إذ قفتقد اؾطلبة الى ػهم أساسي حول . استدلاؾوة شكلوة أقضًا
الهندسة؛ الأؿر اؾذي يخلق ػجوة بين ؿستوى تفكير اؾطلبة الهندسي اؾفعلي وبين ؿا فو ؿتوؼع أن 
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ؿن اؾصف الأول وحتى ) 1(وؿستوى ) 0(رؽز على صرح أفداف وأـشطة ضمن ؿستوى "
ؾوست الاستنتاج غير اؾرسمي، وفذه ) 2(وصرح بعض الأفداف ضمن ؿستوى . اؾسابع
وتتضح اؾقفزة اؾسرقعة بين أفداف اؾصف اؾسابع وأفداف اؾصف اؾثاؿن باؾنسبة (..) ؽاػوة 
 331231" الاستنتاج اؾرسمي) 3(لمستوى 
 
 57 
 
Fuys, Geddes & 
Tischler, 1988
1978Clements et al., 1999
Clements & Sarama, 2000
NCTM, 2000
location
visualization
 85 
 
 
 
 
 noitazilausiv laitapsMTCN
0002 ,MTCN
ستقومة، والأشكال نحن ـدرس الأجسام المكاـوة ؽالخطوط الم. دراسة اؾفضاء أو اؾشكل"
 واؾتحوقلات الهندسوة ؽالاـقلاب ؛واؾعلاؼات ؽاؾتساوي في اؾقواس واؾتوازي ؛واؾشبكات
بناء وؿعالجة تمثولات ذفنوة لهذه الأجسام واؾعلاؼات قتضمن اؾتفكير المكاـي . واؾدوران
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Mistertta, 2000; Choi-Koh, 2001; Yusuf, 1994;
Gutiérrez & Jaime, 1998
 
 
  
81
 	  

   
  
  	
  	       
  
 !"#$ % 	$ & !'() )( * ' + ("', 	-+ $
$
. - $ . 	$ "-  0"" $,$ 
1 ($  '2
 0" 3$ #$  4 5$ 
25 ($ "1" 

6"$ 15 ($ '.  
  
 
 
:  
 7  " & . - $ !"#$ % 	$ )( 2 8)
18,773 ($ 4( )9,347 + 9,426:#',  ( :)2 !26$"189"  ] "$+
)144( +$$ )12( 1$ )33) .[(   ) $  >6$2004(  
 >&$" '2 1  ' 0" convenience sample !" !$+ 
1,328 :)2 !26$" ? ($ 4( 15 & 1"$ $ '" & " 
>$ 7  " .!+ $ ' ) $ " 06$ !"@ '  1  " 
, !" 
 " :)2 	- $ )( %' 4)1 +$ "$+( 0$"$ 
 $$ $ !"@ &A "5 *$ !" ! ' $  4 
  
82
BC $ >  +  6$ $$$ '() )D E$' !, "+ 
!" ! ' !" F'+" C  )"  1- $.  
  
 :)2  ( 1,288 & ($ 4( 40	  / &  -15"  .
 $
 )) 
H" D'   I, )) 
6$ ' 0"  $1,240 
($ 4( . !  $)3J1 2 3 4 5 ( +-.$)3J1 2 (  
'  $ D.  
  
  $3J1  :%'$ 	 4  '2 )( 06$ 
 
  % !"# -  E$"" 
$+ 262 244 153 659 
)( 2 
'5 226 243 112 581 
E$"" 
488 
)39.4%( 
487  
)39.3(% 
265  
)21.4(% 
1,240  
)100(% 
  
  $3J2  :!+ !+"$ 	 4  '2 )( 06$ 
 
  % !"# -  E$"" 
'" 316 325 184 825 
)( 2 
 79 77 76 232 
 
1"  93  85  5  183  
E$"" 488 487 265 1,240 
  
  
  
83
  $3J3  :  '2 06$)(%"$ ) (!+ !+" 4 
  
'"  1" E$"" 
)( 2 825  
)66.5(% 
232  
)18.7(% 
183  
)14.8(% 
1,240 
%" 2 10  
)67(% 
3  
)20(% 
2  
)13(% 
15 
  
  $3J4  :  '2 06$)%"$ )( (	-  4  
  
"$+ +$ 1 E$"" 
)( 2 
769  
)62(% 
337  
)27.2(% 
134  
)10.8(% 1,240 
%" 2 
8  
)53.3(% 
5  
)33.3(% 
2  
)13.3(% 15 
  
  $3-5:	$ 	- $ %' 4 '  4 - 06$    
  % !"# -  E$"" 
"$+ 5 4 3 12 
+$ 3 2 J 5 $+ 
1 J J J J 
"$+ 4 3 3 10 
+$ 2 3 J 5 '5 
1 J J  J J  
"$+ J 1 1 2 
+$ 1 J J 1 ()1" 
1 1 2 2 5 
E$"" 16 15 9 40 
 
 
 
 
 
  
84
 
آذ
53%
أ
47%
 
 

71%
 

17%

12%
 
  +-3J1:  
%' 4 '  )( 06$ 
  +-3J2:  
 !+" 4 '  )( 06$!+ 
  
  

 :  
"
 ' 0" & !, :)2  M
 "2  : +) 
 !& 1
 & B"$ 
 !& 4 ' + *$" % N ') 2
clinical ( *$" $ )( * ' + ("', :)2 	  : &

+?@, 
 !& 4 '   .>, +  ) "&:  
  
?C$,J   ') 
 !& 1The Van Hiele Geometry Test:  
 %" '
 & & "  $( E$-" B1 1C 
 $( 
 $'#The Cognitive Development Achievement in Secondary School 
Geometry (CDASSG) F)2 	-, N "!+$ !"6 "Zalman Usiskin 
 P' !$- >$+) F($Sharon Senk $2, #B# >" " $ )1979J
  
85
1982( 0" 1C 
 ( $ 2700 ? 4( )Usiskin, 1982; Senk, 
1989 .(" !5 :)2 $   $ !" F"1$  ) 1C 
 
>. "".  
  
1C 	$  : 	$ ' C )() 
 !& *$"  1C "
*$" + '2 0$" )( P$) 
 !& !#  . 1 6'5 	 !+ &
  $, $ !+   Q*$" + ( $, ) )DR & ? " )D. $
1C " . 1C ( 4)(35 !" !$+$  25 1C E$' !" >& 
 2$"" + S$  2 & $" 2$"" %"1 : '  " !"
+ 
 !& T' 4 ' + $" !" ?' " *$":  
  
•  )D.1 – 5:     *$" S0)   
T" !" +-. :)2 	 (  
•  )D.6 – 10:    *$" S1) +-. SD1 & "(  
•  )D.11–15:   *$" S2)  B  $," V W'C(  
•  )D.16 – 20:   *$" S3) " W'C/)+-# $, (  
• )D. 21 – 25  : *$" S4)  )+- W'C(  
  
 5 %"1 !"  >$ 5 1 H +  4)($),JX
 (
 )"")Usiskin, 1982 .( H + #"Y  1C !" )#", "1 ) "&
MB2, + "+ ! " + *$".  
  
86
•  
$ $. *$" & *  >2  
Z,[N\" ]!Z. -^_+Y"  #`a)bc 
  
  
  
  
  
) ,(  [, %?Y" '" d)##.e  
) 4(  (& .  
) W(  (& .  
) (      (& !.  
)X
   (    (& . 
•   > 
$ '# *$" & *6  
0" !   P 
Z,[N\" ]!]  \Bd _]\] \]b&  + Y"]fc0 
 
) ,(   P    Y" ! `]g$!.  
) 4(  !     Y"  P`] \"!.  
) W(  ! P    Y"  `] \"!. 
) (  ! P    Y" ! `]g$!.  
)X
   (\]Y%g$6 ]Z,  +^]Y\" h!\ ]Y%g$6 ] . 
 
  
•   > 
$ # *$" & *14  
cI  1 !" N, 
  
) ,(  1 0" " 0" SD1 
 B(" SD.  
) 4(  B(" 0" SD1 
  " SD1 0".  
) W(  EB@. 6$" 0" SD1 
 B(" SD1 0".  
) (  EB@. 6$" 0" SD1 
  " SD1 0".  
)X
   (]$ CYZ, [N1` ]i] \iI  !"), ( :).( 
P   ! 
P  
 ! 
  
87
• & *  > 
$ 0 *$" 18  
!)" ) "&:  
 )"1  :B(" +- !+ 5 &1j "'" + 	' M( !k.  
 )"2  : 1j "'" + 	' " +- (, '+ 5&(" +- !k. 
cI  1 !" N, 
) ,(   )" !, #1, +   )" !, #' !2 .  
) 4(   )" !, #2 )" !, #' !, +  1 .  
) W(   )" !, #2 ?$ ?B(" ' !, +  M( + 	' 
1j "'".  
) (   )" !, #2 ?B(" % ?$ ?B+- ' !, + D(1 M( 
1j "'" + 	'.  
)X
  (]$ CYZ, [N1` ]i] \iI  !"), ( :)(. 
 
•   > 
$ %"1 *$" & *21  
 ' & )")   P) !2 	)1 '
/" & '")  ( 0, $
 ($(1 $ ('(& .(& !(' :)2 N$ (1 + .
 (' '+ 5 :  P
 
 ($(1 !k& !  :} P{ } P{ }! P{ } { }! { }! {  
  
  
  
  
 
 ")+ '  " I@$ ) "&"0( " $"N6$ " '
 &:  
•  !""} P{ } P{ (' :)2 !$ "'. P (' '2 ! (" 
P 
$ +-". 
•  !""} P{ }! {6$" +-" (' :)2 !$ C "'. ! .  
c  !" N,  "$) " !"  
) ,(  } P{    }! {! (" .  
) 4(  } P{    }! {!6$" .  
) W(  } {    }! {!6$" .  
) (  }! P{    } {! (" .  
)X
   (]$ CYZ, [N1` ]i] \iI  !"), ( :).( 
 
 
P 
! 
  
88
  )" *$2 : E$ !+" #+, $ F)"$ 1C :)2 
)Usiskin, 1982.(  
  
1C : 2  Usiskin '$+  2 F "  $ B1 
 
$")   @$ )( + 0" 4' F)D, !, "(  1C !,
1C S& A'$'()  &  . )$ 1C "   $
 1C 2  Q!'() )()  "DB"$ A) "B$ "  !"
 !") "$ !1" :)2)1$ >$+ 4@ )  & " ") "  .( $
5 @  4)($ 1C  $$, $'   A) :)2 B    
P  $ . % 	$ !" 4B( #B# 0" 1C  F'   "+
 - $ !"#$) '2 W1 (  " '"6 > !"@$ N& +-
 &+ ',  )351C  T !"  .(  
)1l, !"# 	 !" )( 0" 1C ( $ B  ) 
243 
4(/?@,  '2 W1 !" > ( # S) )( 3  4)(
' B1 !" !#$" >1C $  :F$ FA/F$$ F$  . $
1C ( & @" >+& )( 3 662 .(  
 )D. A5  ?@,21J25 )( D5$ !"#$ % 	 )( 
  $  $   0" 4' "$ 	-" 0" C - 
  
89
 %"1 *$") )()Carrol, 1998; Senk, 1989; Usiskin, 1982; Wirzup, 
1976( , $ Usiskin M
 '$+  2 F "  $ B1 >+.  
  ', 	-"$  2  )D. A I@$ $
 13   	@,$
  
$ "& & )() ?+5 47 8 9 101C &  . #" ) "&
  > $
 P :)27:  
Y"  E S %h`\(mn (^]YM S  E % . 
  
  
  
  
  
Z,[N1` \ !" ), ( :)(d _]\ ]%] \ ?\&n+ oY" h`\(pc 
) ,(   $4"D $6 . 
) 4(   $4EB@, .  
) W(  !($" !. 
) (  $" )" EB@..  
)X
   (]\"Y0]" ]$ ]]Z, h2YMB] \qI\& n+ oY" h`\(. 
  
!+   )( :)2 4  !" J'"  B1 !"J & "('" " H
)6)' S' %' F', VNF('"$  .( : T') >$@ C F', )( 4)V, 2 5
 1)X
( 4$ (- ( '2 P @ $ )? % (– 1 !, "$ 
)X
 (1 2 4 !5 QI $
 M)I 1 $
 X
 1 !$+  & .(
 % 
S E 
  
90
 I@$ 1C (  )() "-$ !#" &@5 	-"$   
 >+)  )" T',2JW.(  
  
1C # : [$( N$ ') 
 !& 1 : $  'C ,
 	-kUsiskin" 1' $
  # " )Usiskin, 1982, 1990; Crowley, 
1990; Wilson, 1990; Teppo, 1991  .( ( 1 # " " 8) 
$+– !$- )K-R 20 (*$" +* 
 0.31 0.44 0.49 0.13 0.10 
)F2$-" & )( +-"  &(A)&   ' & ",  :0.39 0.55 0.56 
0.30 0.261' 4 0$" 
$ 1C $' 2 *$" + J $' "1
 *$" +)Usiskin, 1982 .(  
 !+$ + "+$)Usiskin, 1982( :)2 N$ ?-" ?1 !k& 25 
 "1 D6 1C !" + # B" " (  *$" + & ?CH
"$ :)2 
 :0.74 0.82 0.43 0.38)    &(   ' & ", 
8)& :0.79 0.88 0.69 0.65) Usiskin, 1982 .(  N 1C  &$
 , s'$+ 4   M F()α ( *$" + # B" " 4
A) $ + :0.40 0.09 0.31 0.23  . F  N 4$). %' ($
)Usiskin, 1982( N$ *$" + !+ $ "& $" M
 # B" " 8) 
                                                 
*
  , s'$+ " %' )α (  1 2 !.  M
 &2 : "51) I ( $,0 
)R(1 .(  " T',KR20, s'$+  "$  .  
  
91
 :)225+ ?CH  :0.77 0.33 0.69 0.60!"  " 1 P$ J
!$) .Carmines & Zeller, 1981(  
 !$"' 06$ 1C !" : :$. !-  )D. :)2 *$ $.
 )D. 0" :)2 *$ '#$ !"#$ % !))25?CH  (-  	).  
)() 4+ D
 :)2 1C [n . :)2  4+ :)2 + 2 )( !" 4)n($
 )" & T   $2J4 .$ !) ")  $ > " 
'R  '" 4)n( & -  	 )( ", !"#$ %.  
  
' 0"  : 5  '  1  ) &   t"' >2"
 " (' '/  ) $  >6$ !" + 0" 6B N +$$ 
1 %"$ $ $A  . N" 0" $  $. &$"  $
B" 5$ 1C ( 2$"  %" "$.  
 0" 1C 0" ( $1,288 & ($ 4( 40	  / &  -15 
 	-5 $ !"6" V '" +- " !' N- B1 F' 
 ' !" ,$2004  . )"+   1C 6'5 4)()45 (   
 "B  FD' ( 2$ $  , !" F'R 1C !" 	 I@$
 !@$ !#" u-$ 1C 1 ")  $ S1)$ "
  
92
)  &" T'2JW( 4)( N F' 1C ($ 35 " In&$  
1C !" $ N, & B )( ",.  
5 $$ 1 4+ 4( + [$Y6† )2  + )  )" T',2J
4 .(  $$ 1C 4( d)  !" 'C    " !+ N )
 >$ "6 & ..)" 5  1C !" 'C  $ 	 + 0" +
$‡ .
 ' 0" 2 2 8)))"$ 1C ( " & 2 0, 4 "
>$.  
  

6"$ ' 15:  
' 15: 0"$ 1C (   '# "$ 	 4 )( 5: 
 43 
 5 $ 41 
$") " + )( !$$ xA $$ 4B( $ 
)  ( !" !$'  'R . !" %"  P    1 : 15)  4
1C ( y( ?))  $,  #  %" 0")1J1245 .(
 '#  ?@,5 $ $" C ($-  2 4 5 $, 
 $
 )) 
H" D'   I,1240( ?($ .  
                                                 
†M
 4)(  4(  C 0@$ !, :)2 	-"$    4(  + $ 
E$@$" 
 F N ) " & " V #+,  1C 0" "  :)2.  
‡
 1C (  B"  *, !, >$ >" *$    .  
  
93
' 6": t"' :)2  $ & ' 15  SPSS M
 (2, 
1 ?6$" ' !" z / 6"0 .?B#" : +) 6" (2,0 ( :#',$
) 6"1 .( F)2   %' " & 	 6" ",) 6 % 	) 
+
$  .( )" !2J1 & "1" 6$" X
 .  
  

 !& $" $ 1C I§  : )( 5 15   
 "+
 t"' :)2SPSS "5 I  6" >25  $+" ' 6" 4 
0 $, R(1 | 1  | )  )" T',2J  ! N 
1B  .( 5 0"  4( + 
 !& *$"  , !"$
$" + "1 4(   " 4 $ *)Usiskin, 1982:(  
  
) ,(   :)2 $3 !"  5 5:', + . 
) 4(   !& $" :)2 4( 	'  + :', + $. *$" 
	'" V F', 4( 2l, P V$ 
.  
) W(  p *$" N. :'. *$" . 
  
  
                                                 
§
  :)2  "  0" t"' SPSS   >2"$ t"' :)2 "  F'  F  $ 
S1-. . )" N$2J*$" $ I )"2  :)2 $.  
  
94
 
 +-3J3 : 	  "" & +-.
)" & 	 $  
 
?'#J   B" : 
)" 	$:  "2 
 !& *$"  4$), :)2 , +- )" 
!" + F  N$ )() )Burger & Shaughnessy, 1986; Shaughnessy & 
Burger, 1985 .()($$ "   ' )" "2 '
 " , :)2 
. :)2 	  +-.  #"  $ +-$ CC$ +-. 	'
 ' +-. $ )+- V$ )+-)Burger & Shaughnessy, 1986 .(
" M 	$ ) "&) :  )" : E$ !+"  !" 6"3(  
1.  Drawing :n(!" #+,  4( !" 4) @  !2 	)1 )#" 
(Y$ " D c !, F'+" ?#)#" +$ c@  !2 #)#" M
 	)1 	+ 
 SD1 "" M
 	-+J4( )+-Y J )1" +-.    
@  !2 . 2 "" M
 	-+ "+
 !+"  #)#" 2 $ )(
 ")$" V , $".( 
2.  $ 	  	Identifying and 
defining: 
@2 4( :)2 +-,  $ 
) +-3J3($ n( :)2 	  F'" 4)
 EB@. N6$"$ ("$ 0"
  
95
! "$ .YD #" )D, 4( " " N F$iS1- + "  0" 
c+-. $ & B(" "  
2  
 c(" 96$"  cEB@, N
+-. ! $"-$ $C B2$ )(   "" M
 	-+.  
3.  	'Sorting: 
n'# $" #)#" !" 2$"" ) +-
3J4 (4( ", .n($ 4)0" F'"   
 0" " ( @  F-  #)#"
 0" !+" 
$ @  F- 	+ I@$
+
$ :$. !2 )1" ( #)#"  .  
TB" : +-.  ") +- &3J
4 ( 0@$$ [$ +-. +  
 P" !" (. !+" + )2 !B
$)(" " '$  . +- ",3J3 & 
 $ :)2 4() nA4F$ 4(  !"@ .  
4. 
 " c+- $Mystery shape: 
   "c+- $
 ""** !, 4)( ('" C   
$ 4( 0" 
' " ") B1 !" ' +-. :)2 4( 	  .YD 4( –
                                                 
**
  +- :)2 	  4( !" 4)(   	-" u !" *1,    	@, 
5 )D, u( B1 !"  F1C $,  ' "5  .&
 )( & 	-+ :5  ) M
 
' B $ +-. SD1.  
 
 +-3J4 : "" & +-.
)" & 	' 
  
96
+- :)2 	  "'2J F)  N "+R" ? !"  F& "+-) .$ M
 
CC >#5 "" &+ " $@ ($- :)2 	 $ )+- 
+-  . $ "-3J6EB@. N6$" 1 ") .  
  
 $3J6 :   & EB@. N6$" ")"c+- $
 ""  
1.EB@,  , F )A" +-.  
2. )@ F! !13$ !B$( !.  
3." !B$( ! )@!$.  
4.!$" ! ! )@.  
5.*1, $6 % !" +,  $6 F&.  
6.!$" !$6 F&.  
7.!$" !1. !$6.  
8.!6$" !B$( ! )@  
9.!6$" ! ! )@  
  
 B" 5))" 4 ' 0":() @    ?'"6" B"
1C   @ 0" . 4(  I- " " + !"  4)( $
 @ &  ($" 13 4($  6"") 
  '  4
J  $ T', 3J7 8(@ ) " 0" !$  P$ ††  . $ $
  1 &  V :  4 '$ )( !" '  M
 ($" )( 1 B1 !" ' )( + & D ("' :)2 	 
 . :)2, :)2 	  & FV  
1 &  $6"" )( ",
                                                 
††
  ) "$  ! >-" )( ", I-  !+ ?',/@ >.  
  
97
)() !+" N ' + $"'()  !" D M
 + 	+$ F !
 )()S1 +- (' & .  N6""$ ($" )( 2 *$ $
!2$"" &.  
   . - $ !"#$ % 	$ )( 0" B" "
 28 ?( )13( ? 15( (  4$  "+ I- ( !2 )(
'+ !+",$ )( %" 	-5   & 2$ . )" A30J50 
4( 4)(  " $"$  ! "$ ? / ) $ P V >
F' 4( &$"   $ 1 .  
 )( [@& C   &)S1 +- ( ( "+  " !&" $$
 P  $ (& $ 1 C5 $ " " )"  !( @&
?B &  . !( 0" )" (   $), !"#$ % (  +-
+ '  )( 0" B" )    '  W1$ +$ )" $ :)2   
". 6 !5 1 )(" :)2 	  .  
  $3-7  :$ %' 4 )" " ! )( 06$!+ !+"$ 	  
% 	 !"# 	 -  	   !+ !+" 
$+ '5 $+ '5 $+ '5   
'" 3 4 2 3 3 3 18 
 2 1 1 1  1 6 
1" 1 1 1 1   4 
E$"" 6 6 4 5 3 4 28 
  
  
89
  : 8-3$  
   $ "	 $"+! +!$60 () ! " ") 4 '% $
 ا
	 
 ار

 ا
	
 
 ااف
 ‡‡
 ار إﻥث ذآر ا
 وآ
  اث 1 1 1   ادس
 0 1   ا
 وآ
  ذآر 2 0   1 ادس
 1   1 ا
 وآ
 
 ! 
 3 0   1 ادس
 1 1   ا
 وآ
 
 ذآر 4 0   1 ادس
 1   1 ا
 وآ
 
 اث 5 1 1   ادس
 0 1   ا
 0   1 ادس
 ﺥ"
 
 ! 
 6 - - - ا
 1 1   ا%$
 '&
 
 ذآر 7 1   1 ادس
 -   - ا
 ﺥ"
 
 ! 
 8 1 1   ا
 0   1 ا%$
 1 1   ادس
 '&
 
 اث 9 - -   ا
 1 1   ا%$
 -   - ادس
 '&
 
 ذآر 01 -   - ا
 0   1 $ا%
 - -   ادس
 '&
 
 اث 11 1 1   ا
 0 1   ا%$
 0   1 ادس
 '&
 
 ذآر 21 1   1 ا
 -   - ا%$
 0 1 - ادس
 '&
 
 ! 
 31 - - - ا
 1 1 - ا%$
 -   - ادس
 '&
 
 ذآر 41 0   1 ا
 1   1 ا%$
 0 1   ادس
 '&
 
 ! 
 51 1 1   ا
 - -   ا%$
   
                                                 
‡‡
  .  ' ""6  4  "1  ' "$(  $ 0  
  
99
 	  

  
  
	
 
  
 

  :  
)1(  
 
  !"
 # 	
 $% ! $ 
)2(  &
 '  
 
 ( !"
 # 	
 $% )* #$ )#


 )*
 $+ #
 #$  
)3( 
 ", !	
 - . 	$ ! $ &
 ) *
 !.  
 

 /0
 $1
 
)4(  . 2 3$  
  !"
 # 	
 	$ 4	 5	 -
- 
)5(  - 3$ 6$  
  !"
 # 	
 	$ )* #$ )#
(7% 
8 0+ "2	 

 4	 % 5 -#/ -6
 #$ 
 ( 8
/ 
!"
 # 	
 "
 9+$ !.  
  . 
 9% 1;1 $ 1#<.
 # 	 - . 	$ $ -
 (	$
  06 5	7
 5	 
  

 !"
)"
 -#/
  )0	 =*
 # 	
 (	$  (> %  . $.


 % $ -
? -# *7
 4	 @
0	
 !	<.  
  
100
 :  	    	   !    
  
 $7 $+ 
 # 	  # 
 2
 -;7 $ -
?
 
  
 $	
! A- . 2 ' # 	
 	$ -1$	 A2$:  
)1(  )0	
A
 -#/
   
)2( A
 -#/
 B*7  )0	
  
)3( .0$/ -#/
  D;0
 E
F)!$
 G -H	H
(A 
)4(  I		H
)!$
 -H	H
(A 
)5( 5*
 
. 
  
 56	 5	 $# A6$
 !	#
 	7H
  $	H "2$ -# 4	 -	 5	
 4	 B7$6$
 	7H
 J.
	 ($ 	 3$ "2$ -# - .5	8+%  -	 
 50	
 !. $"66	 0* 8
2 $ K*	7$ K* &$7
 3

 "2$

 50
 !$
)7
 "2$
 *7( 8
/ 8 0+ 
"2%  
 
  A
$".] . J$
 
 9
 #$4
  ' )* -# ' 
 4	 @0 =
-
? -#.[ 
  
)1(   $ % &':  
 (	$ !.  !"
  
 
 # 	 % A5 -#/ A-6
 #$

 -#/
  )0	
  *	6 AN	$ .% 	
  .0	 H 8G 
F 
 -#/
  5" )<$  $ "$ 6 ,	 $ 
 .  
  
101
8H%O !	#
 	7H
 $ -#/
 )0	 4	 : $ 
 $7
 
 '		
6. -#/
  )0	
 	7H
  . PQ % P1$
 % 3$
 	7
 '
 $ '
+% !. -#/% $$  $ 9;+
 =R
	$ % -	$
 	7$ 9 . -
 
 5D4O1
   *
 
  $
 '
 .  
  
 5D -
4O1 :
'$
    *
 
 
 1O5 ' ) *
  
5D-
?
  -
?
 )  &
 $1
 /0
  
1 3$
  )0	
  90.2 91.6 96.6 
2  )0	
P1$
   34.0 61.8 56.2 
3 -	$
  )0	
  54.5 68.6 75.8 
4 -$
 3$
  )0	
  75.8 75.8 75.8 
5 9;+
 =R
	$  )0	
  26.4 45.0 50.2 
  
 5D -#/
 4O1 
  3R	   
 
0
10
20
30
40
50
60
70
80
90
100
1 2 3 4 5
0&07'




+&
,
&+
%
 سدا 	
ا ا
  
   -#/
4O1 : 
  *
 
  $
 '
1O5) *
 '   
 
  
102
-
 !. $0$
 B7	 #$  J$
 $4O%	
 4	 :  
  
1. ! $# '0*
 
 -"
 $ 
 " )0	 !	
 -#/
 '		 #$ :
9;+
 =R
	$ P1$
 -	$
 3$
.  
2. )*
  R -#/
  )0	
 
R . 1#% /0
 )*
  % =%
 
 $1
  $ -#/ .0$&
 )*
  $ .0$ 1#% 5 . D
 $1
 )*
  S
% # P 3

 !1
 
?
 !. S1	
 E #
 ) *
 S
% (	 $ A!1
 -
?
 !. /0
 )*
  S
% $ -+.%
3

 -
?
 !. 1;1
.  
3.  86	 
 3))* -# !. (  
.0	 5  8;D 8;$ T*% $ 3$

 5" )<$
 -#/
)3

 -
?
.(  
4.  )* $ 1#% )0	 $)55.5 (% )<$
 -#/
  &
 )*
 
)=6	
(*5" P1$ >< A )0	 5 )66 (% 5"$ -#/
       ><    P1$ .
-#/
 &   )0	 5 $# '6 $ 
5
2 $1
 )*
  )38.2 (%
43.8 % $ /0
 )*
 . 
                                                 
*    
 9+< -#/%
.<$ /6	  
  
  
 
  
  
 
  
  
 
  
  
عأ يزا 
 9+< -#/%
6	 G  
  
  
  
ًا!" ة$% &یواز )  
  
  
  
*+  
  
  
  
*+  
  
  
  
عأ يزا 
  
  
103
5. $ 1#%
3
1 &
 )*
  )37.7(% A
4
1 $1
 )*
  )24.6 (%
5
1 
 86	 /0
 )*
 )20.8(%O 
.0	 5 -#/
     -	$ ><.  
6. 
4
3 86	 &
 )*
  )73.6(%$ 1#% A
2
1 $1
 )*
 )54.8(% A
$ '6 $
2
1 /0
 )*
  )49.8(%O 9;+
 =R
	$  
.0	 5 
 	7$ 	
 % 9+% !. .5" )<$
 -#/ 
 G  F     
 9;+
 =R
	$
 
 -#/
 >% )/
 3$  $ R
	$ ! !	
 -#
9;+%( . 
  
81O;6$
 $ -#/
 )0	 4	  :  
•  .0$  
 KD  )0	
 -% $
 =		 D @ 5	 A
 -#/
 
% -#/%  	7$ K0	$ ) -#/
4O2 ( -# 
'  .  9 )
 3+ '
 $ 'Q P
-	$
   )
 A3$
 . '
 "2% 
F
 A-	$
 3$
 $ -#  .0$Q>$ ' 
0$
   )
 A9;+
 =R
	$  R )
 3+ . 51W- '
 

$	 -#/
   
/
 3+ (7% -#/%  /? 5 
$ A  
 
 -#/
4O2 
  
104
)0	
 P $   -#/
 -"%  3$
 % 4	
 "2% >* 
 5 -#/)23 $ ' 283$
 
.0	  .( >
. 9;+
 =R
	$ -	$
 $%
 $" )0	
 !. 0* 
) $ '615 8$" 
.0	 6. ( 0$
 51 A
 -#/
 1#% >% 4	
 "2% =
"0* "  ) 
.0	 6.  0
T* -#/ > .(  
 
 	 A-#/
  )0	 50
 "2$
  $	0 
 520$
 A-#/
 R$	 *
 $
 6
  D; 
  B*7 $+	
 *
 !. -#/
 	
 -1$ -#/
 R$	 . >< 
* E  0 # 5"+0
 >#/ % -1$ 50
 "2$ $ -#/
  )0	">/ " -	$
 % 3$
") >#/
E" A"-#/(" -1$ 9;+
 -
% -1$ 6D G * B*7 
 8
	
 % A
 -6 -	$
 $ *D% % ,*% 3$
 %",*" =R
	$ 9;+% % % A
 9;+
"$ " %")

 >." A A ..Y
 . !. R	$$
 
 E $ 1	 H
" D;0
 E
F -#/
  )0	
 . 
 % 3$ 
 
 
= 
 6	

 ' +
 !. R	$$>	$:  
':  ]      )<$ 	 80$ 8#$$ [
 $  
:  3$  
':  ] 
R 3$
 &  8#$45       T*  [
 $  
:  0$  
  
                                                 
 *J
  >$  #  2
 @, -#/
 D !.  $% -#/
 
.0 % 5"#$ =%.  
  
105
 -#/
  
 )0	 J $ I$ ! $.) -
4O2.(  
 -
4O2-#/
  
 )0	 J $ I$  
3$
: 
• 	$ 
R @0
 -
 A
	$ & . 
• >	 * $ > )0	%.  
• ,* >#/.  
  -	$
: 
•  )0	 $ #$	 5 
 %
 >$ 5D P A8 / -	$

 5$
 -#/
 3$ -#/
 D
 
 -#/
 # 
F $  !#
H 5% -	$. 
• @0
 $ #% -
. 
• $ #%3$
 . 
  9;+
 =R
	$: 
•   >	$ )

 >/ >. #
0$ ".  
• ; 0+. 
  0$
: 
 -#/
 $.  
•  =R
	$  0$
  J.  H
9;+
.  
•   A6	$ 11$ -#/  #
 T* A1 
R $ > 2
9;+% =R
	$.  
• %
;6	$ 0$ 0 $ >#/ A.  
• # A3$
 -1$$D  
R .  
• >**7 $. 
•  -	$
 3$ 0$ #] $
 %[  
  
  
  
• 5
 0*   : B*7
 $"$
  )/#		O'
 "#/W !	
O !	
 
"+0   	7$ -#/
 -0	 .  - 
 6	
 8+% )/#		 $#
 "$ #$ !	
 11$
)$ G 5% $( 5 '
 $ 'W P A
  )	7	 )# '
 -<W A$ 6 "+0  )	7	 P1$ $ 1#%
  
106
 
6	0$ 4	 T+ - ! $. 5 % >#$ 811$ 5# "+0  11$

"$ #$ !	
 11$
  - 
:  
 -
4O3 :
 
6	0$"$ #$ !	
 11$
  -  
() *+    
 
 +  + ,  
  8 3 
6 
%  72.7%  27.3%  
  4 6 
8 
%  40%  60%  
  5 2 
10 
%  71.4%  28.6%  
  
 5G A11$
  $ >$ #$$
 0
 11$
 9
%  7 
 520$

 P
$
 
 - 5"0$ T* . /0
 &
  *
  G) $ 1#%
70 (% 40 % $1
 )*
  $O "$ #$ !	
 11$
  % 6	0 
 =% A$ 5"%-#/
 9
 !";
 9	
 E
F  D G .  1;1
$ G 11$
  < 6	0 $$ ) $  A&
 )*
 $ 
$1
 (
 56	
 $ 8$$	 #<	$ 
# 5 . -D 5%" 5 % 3	 % 3D	%
/ $ ."  
 11$
  - 
 S
Z )*	 #$) -
4O4 (. 1;1 
)  :% (
 A$ 11$
 )' ($ G 11$
  A)I (+$G F . ! $.
 -
?
 - 
 S
Z $ 1$%"11$ 5 !. 
$	H
 3	 	$ 
"  
  
107
 -
4O4 :"$ #$ !	
 11$
  - 
 F @0  
$  $ G  +$G F 
• 311$  
•  $ -D%100  
• 180P1$   
• 150O200P1$   
• A1# 1#$  # .  
•   #% A8
G !"	 % #$
400 
• !"	 % 6	% H  
• $  # 3	 H  
• " H $ 
 
•  "/	$ 11$

 "	2 #
 	7$ . P1$ -#
 2 B	7$
0$. 
  
 56	
  "$ #$ !	
 11$
  $ 
 6	
 ' % 
$P1$
 
R &D ,	  K6
  .-D &
 )*
 !. ']" : 3	
5
 [ T*	 
R
 ,*	 	 0$ 180 AP1$ -2 H ."-D 7Z ' :
" 
 -1$ 
 5 % 3	]-#/
 5 [         A    !. G $#
 % 3	 P1$
 9 	
 9;+
 D 56	$ 7 T* 	 11$ 5] [/%
,* )# P1$
 9 	
  0 >	 >$"\."[  
 *% /0
 )*
 !.  "	% 6. AK#$
 +$,
 ]  $%
 11$
 9
%  P
 ) AI $ A5D ..Y
 ( & . % # "% 5G
11$
  "$ #$ !	
 "!"  &  ." *6	 "% "6 11$
 % 
9;+
 !. )	7	 "# 6	$ "% % A>/	$ 50
 "2$ % "#/ % "/	$ .  
  
  
  
108
  - ./)$ % &':(  
 
 
 ( -#/
  )0	  	7$ $% 2;$ 5	 5% A5"	6$ $	
! $
 :  
  
1. -#/
  !#
 % =*
 )0	
 : 
 , $ $
 
 2;$ $	
 $7	$
)-* 
 
 $ 3

 -
?
 4	 !. ,
 +D 2H .(-1$ : 
 '% A-	$ % 3$ -#/
 < >	.0$  #  ' -
?"-#/] " *6
#/ $50
 >.[ 
 
2. -#/^ $ $  K* E;	$
 : -#/
 D # 
# 
 520$
 R$ 0+ 51 A 	7$ 	
 *
 K*
 3$ 5;	 $ -#/

 "$ !	
) -#/
4O3 : 2H
 3$ >		 )# -#/
 R$ 	#
$
 K*
 	
 .( 
 @0
 6	0 5D !"
 -#/
 %2 
 T* A$ 	
 ' 80$ #
 !. $# A> .<$
 $
 K*
 J % 5; 	 D
 E	  80$
&
 )*
 !. ' 3$ !	
 

: 
 
 -#/
4O3: !. ' S
% $ I$  
6$
O-#/^ $ $  K* E;	$
   
  
109
':   -#/ -20$   
:  50.  
':   >		7
 E##3$!  
:  $ T* 
# #  08]  K* 5; 	 -#/
 D E`
.<$
 3$
  [  
' : 80$ -#/
 # - AD
 E	  #  
:  H . 
# 0$ .80$ T* D
 E` $.  
  
3. -#/ =%  )0	 &<# A0$ B*7 % A$ -#/ $	
 : ' W

 -;7 $ -#/ =%  )0	P1$ : P1$
 $F 11$ ! -#/
 3$
"=0
 " %"! P1$] "! -#/ =% % 3$
 % -	$
 )* !. .[
 
 3$);% #$
 S1	 ( !. S
 9;+
 
R
  $	0
"
 !. $ $0 56
 % -#/
  )0	
 . 5# 	 $	 D 
 !. % A"$ #$ !	
 11$
  $  
 !. 
R
 9;+

 # 5 $	
 
 # A	0
 !. -#/
  )0	
 !. % A11$
 )*	
8;1$ AD
 'G% !. 8$2$: 
':  "+0  11$
  )	7	 )#  
:  
 A 
 A
R
 5D 
 I $ ]
R
[-% 
 A.  
':  -% )#  
:   
 $ -% >0+ 
]11$
 !. 9;+
 
 /	.[  
':   	7$ 11$
 0	 )#  
:   >% A>0.% A#% # ]>;+% 
R ,	[  
 
  
110
4. -#/
  )0	
 !. *7 J S : 
D !"
 -#/
 < 
 ' 6	0 55 -#/
 !. 4O4 
 3$ ]" [  6
  ]R
 K
 " [ 

3$ -#/
 T* - %  ."  $	0 7Z  1;1
 K#.  # A-#/
  5".0	 S1% 6
 & 
"'
 " .  )0	
  F"-*% " $# -#/

 
 (F D)
/0
 )* ( -#/
  "
? 
 5D6 -	$ >%  > 	7
 0 -#/
 D !. 
) -#/
 3
4O2:( 
':   -#/6-	$  - A  
:  =R
	$ >/ )$ -	$   
':   $# -	$  -  
:   .8;D )$ ># -	$ -*
 !. . 
 
H
 4	 J0	 $. $% 	
 !. *7 0  
 6.
	 6. A6$
 	7
 
  B*7 $+	 A-#/
  R$	 *
 $
 6
 
 

 #$ !	
 -#/
 '		 !. A *
 !. -#/
 	
 -1$ -#/
 R$	  D;
"
 P $ " )0	
 .-;7 $ T+	
 6. -#/
 -"% % 6$
 	7H
 
9;+
 =R
	$ 51 -	$
 > A3$
  )0	
 !. . '0*% ". 0$
 $%
  -#/
 . 9
 !";
 9	
 # H  
 
 % 	 $#
	D 5 3$ J.
	 =
 $
 A6$
 !. "2 $# -#/
  )0	
  5"
 4	 !. R $# 6	 G % .<$ G 9+% !. T*	 $ 
 -#/

	7H
.  
 -#/
4O4  : $ I$
6$
 !. ' S
%O 
 !. *7 J S
0	
-#/
  ) 
 
  
111
)2(   $ 0/ % &':  
 
8H%O!	#
 	7H
 $ -#/
 B*7  )0	
 4	  : 	7H
 $+	  

 ! -#/
 B*7 - % $ "$D% !	
 6 
 10 '		 !	
 A
 -#/ D
 =	$ P1$
 0$
 -	$
 3$
 B*7 @0 .0$
 
  @ ! $. D
 K
   !) J$
 2%4O':(  
  
 5D -
4O5 :
' ] $
  *
 
 6O10  ') *
  
5D-
?
  -
?
 )  &
 $1
 /0
  
6 B*73$
  23.2 33.7 40.4 
7 B*7-	$
  64.8 66.7 80.0 
8 B*70$
  18.4 24.6 30.2 
9 B*7D
 =	$ P1$
  32.4 44.6 44.2 
10 
B*7  4	 ! -#/ 
 36		
) D K( 
18.6 22.8 37.7 
  
4	
 @0 ! $.:  
  
1.  $ 1#%
3
1 &
 )*
  $ -# )38.5 (% $1
)33.7(% /0
 A
)32.1 (%$0	$ 6	$
 3$
 !0+ % 6	0. 
  
112
2.  $ 1#%
4
3 &
 )*
  )76.8 (%
3
2  $1
 )*
 )66.3(% $ A
'6
5
3 /0
 )*
  )59.6 (%$0	$ 3$
 =D % 
.0 5. 
3.  '6 $
3
2 &
 )*
  )64.8 (% $1
 )*
 )66.9(% A
5
4 
 /0
 )*
 )80 (%
. $0
 -	$
 B*7 ) -
?7.(  
4. $ 1#%
5
4 &
 )*
  )81.6(% A
4
3 $1
  )75.4(% $ 1#% A
3
2 /0
  )69.8 (%	$ 0$
 =D % 6	0.  
5.  $ 1#%
3
2  &
 )67.6(%$ 1#% A
2
1 $1
  )55.4 (% /0

)55.8 (% 	
R -D
  E AD
 =	$
 P1$
 !. >% .0 H
&6
 !. 		$. 
  
•   5"	F S1% 
 > 56 D =
 $7	
 (	$ 
  K/
 $ H

 = =
 A20 %-
? -# . 0 2;$
  7% $ H !	
$7	
 1% 
RF 0  !66
 S

 6	 !. 2
  	H
. 
  
 
 % -#/
 B*7 - 
  	$
 $
 '
 $ T+	
* 	  1#
 .0 H  
 H 5"%  A"$0	 !	
 
 -#/
 -
  
113
 5D 
 !. P $# $0	
 =R
	# 
 "
 5 $
 #	$6) 3$
 .(
6	$
 0+
 % 7 
 'G% 	7
 F 
$0	$ ) J$
4O'.(  
  
81O6$
 $ -#/
 B*7  )0	
 4	  ;  : 5"$ 520$ % -6
 #$
/$ G % /$ -#/ -#/
 B*7 	 6$
 .  3$ "2% D
 4	 3$ 86$ 
  A-#/
 B*7 .0$ !. 
 ( 50
 )0+
 5"$

-
 -
?
 .
 .0$ )* )*	
 )0	
 !	$"$ 
 	H
 5	 
-#/
 B*7.  
  
• )0	
 $"$  : S
	H
 D; -#/^ 
  0	 $"$
  )/#		
-#/
  -$/
 .6. -#/^ 
  0	 +D  -	 . -<W P
 '
"
 $ =	 >6NB7/ !# $ -#/
 D !. ;	$
 3$ " 
  
 4	
 "2%  & -#/ 50
 "2$
  $	0	 
  0	 %
-#/
 R$	 .#
 B*7
 % A"
 >**7 . B*7 # $6 F
 B*7 -1$ K B*7  R#	
 % A-#/
 	 .# G "# +
#	 % S7% " B*7 # % A
R
 -	 9;+

 . 
 @0 % -
 5" .<$ -#/% 
 	 
# .0$)3$# (-#/% )0	.0 H  % "
0$# "**7 $ #<	$ G .-#/^ 
  0	 $ I$ ! $.:  
  
114
 -
4O6 :
 -#/^ 
  0	 $ I$  
3$
:  
• 	$ >;+% 3$	$ 
R A.  
• 8;	$ # % R H.  
•  
6
 A$D 
R 9;+% 0%
	$ 
R
 A	$. 
 -	$
:  
 	$ >;+% ]  0+ >.
	$[  
• 	$ 6	$ 0+ -# A	$ 
R. 
 9;+
 =R
	$:  
• 	$ 6	$ 0+ -#	
R -# A 
	6	$		$ .  
• R
	$ >;+% -#.  
• 	$ >;+% 3$ #	 % R. 
•  A7a
 $"$ -# )* 
D A! -#/
$D 
R. 
• -$ & -	$
 & . 
 0$
:  
• -	$ >/ 0$
.  
• K$0	$ D
 A	$ >;+% 3$.  
• 	$ 6	$ 0+ -#A 	
R -# 
	6	$		$ ) .$D G 
R(  
• #-	$
 3$ $   
•  -# A	$ >;+% A
$0	$ 
D
	
R	6	$ 		$ .  
•  6	$ 0+ -# AK$0	$ D

	$ 8$
  $D G 
R
 A
K.  
• 
$0	$ 
D P1$
 >/ -#/.  
• R
	$ 0+ >. 6. -#/.  
•  
R # 3$
 -1$ A$D 
 -# AK$0	$ D% A	$ >;+%
		$ 	6	$ 	
R.  
•  0$
] .........$*[ 
  
•  0*  $%)*	
 $"$ 1Q	 P 
 **6$
 11$
 $ $$) -#/
4O5 (
-<W 51 A'
 5$%" : @0 3$	 E#$ -
 >/	 )# $ 6 "+0 >/	 !	
 11$

"+0 "-<W 51" : @0 3$	 E#$ -
 
 -#/
4O5  
  
115
"+0 >/	 )# 6
 K$
  )	7	 6 "+0 >/	 !	
 11$
  " $	
K J 11$
 )*	 ' #$ $ 6
 &  -
?
  . "2%
*	 
  ) -
4O7 (%: 
 
-  8

#	 1#
  
R
 56
 P1$
)2086	 ( 51 A
R
 I $ > A

.  
-  =	$ > A8

#	 1#
  D
 =	$ A9;+^  $%
9;+
. 
-  $	0 A-#/
 B*7  )0	
 !. =*
 R$	
  
 520$
 P  *
 !. -#/
 	
 -1$ D; 
  B*7 $+	 $6
-1$ $# 
$7	
 : =R A-]-1$ [-#/
 !. @0  . % -W $
 5D P1$
 3+ 5 
$ 
3'% A(7
 11$
 $ =% 3$ " : )/
](	 - [	# - 
 A*D 
 A- 
 )#] "/$ 9;+% 
 8

P1$
.[  
-  A)*	
 !. $2$ 6 
 3	 5  6. )*	 $D 
$2$ 6 9;+
 
R
 &%. 
  
  
116
 -
4O7  :)*	
 $"$ !. 11$ 
  *	  
 (1 
233 
* 
 (1 
233 
* 
1 A2  -#/
 	
 /-
  1 A4A 6 
R
 5D* 
1 A2 A3    1 A6  
R
 5D*  
1 A2 A
3 A5  
9;+
  	7$  2 A7  D
 =	$  
2 A5  D
 =	$  2 A5 A8  D
 =	$  
3 A5 A7  
R
 I $*  3 A4 A5 A7   !
 A $ 0
 
R


 	 /
R
 I $  
3 A5  -#/
 .& K*
  / $ 
R /
 9;+
  	7$ / -
 / 
R

 $ 0
  
2 A8 D
 =	$* K 
R A /
 0+
 A&

 $ @0 =R
	$ 
6 A7  K*
 &   2 A4 A8   K 
R 9;+% 	$  
4 A7  
R
 / 9;+
 =	$ /
 	H
 /@0 =R -#/
 !.  
2 A4 A5 A
7 A8 
D
 	$*  
3 A7  9;+
  	7$/
R
 I $  4 A8  D
 =	$ / =	$
9;+
  
1 A3 A6   D
 	$ G /  	7$
9;+
  
 
1 A4 A7 A8  	$ K 0
 
R
  
 /(7% F  -* 	.       *! 

#	   -	  
  
 T+	 8+% % -#/
 -* 	 
 E
F 5 A	7H
 !. $# A6$
 $
"**7 .P5"%   A" 5" *	 % -#/
  5".0	 !. 	 H 
 @0 # 5"% % A* B*7  $	0 % -#/
  B*7
"0$ & B*7
. 
  
117
 !1
 "2$
 *;7)7  )0	
-#/
 B*:(  
  )0	
 !.  
 
 )0+ R
F !. 6$
 	7H
 4	 6.
	

 -#/
 B*7 . )0	
 !. =*
 R$	
  $	0 
 -
R H F
 -#/
 	
 -1$ D; 
  B*7 $+	 $6 A-#/
 B*7 
% A *
 !. % A-#/
 	 .# G "# + B*7 # $6 

R
 -	 9;+
 B*7 -1$ K B*7  R#	
.  
  
)3(  4'/$  21.' 67: 
8H%O!	#
 	7H
 4	  : % 	7H
 $+	  ) $ "$D%11 
 15 ( -
#/
  D;0
 K =?	 - .0$ -;7 $ % AK/$ % -;7 $ S
 -
 $ +)D;0
 - ( (7% K 
)!#/ G -H	
 .( -
 4O8 
 
   *
 
  $
 '
 R	 )#) J$
 2%
4OI:(  
  
 5D -
4O8 :
' ] $
  *
 
 11O15 ' ) *
  
5D-
?
  -
?
 )  &
 $1
 /0
  
11  - !6$ -H	
-	$
P1$
  21.5 27.1 38.1 
12 P1$
D
 =	$ P1$
  22.7 36.6 40.8 
13 D;3$ -	$
  9.6 16.2 19.6 
14 
0$

	$ ;	$
  R
9;+
 
9.6 13.8 14.0 
15 ;	$
9;+
 R
	$  16.8 20.9 28.7 
  
118
 
?
 % 
  >	
 $ H11  12 
 1#% $ $ 	7H
 !. 
$" 8+	 
 ' !	
 . 
< 
 @0";#/
 %" % 
 5"	G A
b/-
?
 $ '$
 . $# A(	$
 
 !. 
 S
%  $
 
 &#0
 
!	a
 !. (: 
1.  -
? # $7
 
  * F  %12 :22.7 % )*
 A&
36.6 %$1
 )*40.8 %/0
 )*. 
2.  
 
7 "2Q	) J$
4OI ( 5D -
?
 S1	 $7	
 
 
 -$13 
 -
?
 A1;1
 ) *12 -
?
 A/0
 $1
  * 11/0 . 
3.  '6 $
5
1 &
 )*
  )21.5 (% A
4
1 $1
  )27.1(% A
5
2 
 /0
 )38.1 (% 6.O % #$ H -#/ =% % 
#%  811$ 8;	$ #
D
 &  !.. 
4.  '6 $
5
1 &
 )*
  )22.7 (% A
3
1 $1
  )36.6(% A
5
2 
 /0
 )40.8 (% 6.O \. 9;+
 =	$ P1$
 # 
F >% 
		
 
#	 >$ 	
R		$ . 
5.  $ 1#%
5
4-	$
 $ *7   3$
 % # H 
  :90.4 % $
 A&
 )*
 83.8 % A$1
  $80.4 %/0
 $ . 
6. 86 % 
 $))* -# $ (  -$/
 S
	H
 D; 
# 5 0$

R
	$ ;	$
9;+
 . 
  
119
7.  '6 $
5
4 &
   $1
)83.2% A79.1 %'		( 
4
3 /0
 )*
 
)71.3 (% A;	$
 3$ !. * D
 =	 *7 % 
.0 5
9;+
 R
	$ @0 !. E#  "#.  
•   K/
 $ H $7	
 (	$ 	H
 0 7
 K+ 
 (7% K$

  5"	F S1% 
 > 56 D =
. 
 "2$
 
 !. 	7H
 4	 	)-#/
  D;0
 ( !. 7% $ 
F 6$
 J
 "2$
 !. 
 4	 	H
)-#/
 B*7 .( 
 % $. H
 c-#/
 B*7 .0. 3D	$
 $D 
 5"%" D;0
 E
F   .
 J$
 4O
   
 !. $7	
 
 
 	
  # I.  
  
81O;6$
 $ -#/
  D;0
 E
F 4	  : )0	 $"$ 
 	H
 5	  
 -#/
)	
-#/
  -$/
 S
	H
 D; - 
 .0$ )/#		 ! .(
W;
 - % ')/#		-1$ D;0
   : 5D -2 5D - -	$ 9 =R
	$ 
Q 9;+%$ '5"6	
 -  	 56	 5 5D -#/
 < 2 -#/
 % % A-	$ 
 5D99;+% =R
	$  . -1$ 5$0	 5	 $#
 -
? 
 /$ % K - 
9;+
 =R
	$ -	$
 D; A0$ A-	$ 3$
 D;. 
  D;0
 E
F !. 
 >66 =
 )0+
 (	$
 4	
 "2%
D .0$ 
 -#/
  D;0
 .0$ $ 6. '; 0 #$	 F c-#/
 
  
120
) -
4O9( .#$
 )0+
 1$% $"  :-	$ >/ 0$
" A" =R
	$
] =R
	$
9;+
 [ & -	$
 & ]># [-$."  
 =R
	$  -	$
 % % -	$ 3$
 % I		
 $ 
 #$	 5 E#
	 $ 5"$ '
 A-#/
  D;0
 - 5"/6  A9;+% B*7 J
-	$
  9;+
 =R
	$ B*7 % A3$
  -	$
  . -

 	
4O9 A4O10 A4O115"
Z 
 
6	0$  -* 	
 @0  B*7  D;0

-#/
 .  
 -4O9  :-#/
  D;0 5"	.0$ ' 
 ' 
%  

 )*6  )*
8  )*
10 6$
 >  9$$
50
 # 1% 9$$ # 1% 9$$ # 1% 9$$ 
4 3 7  0 2 2  1 3 4  D; =% 
.0 5 13 
    63.6%    20%    57.1%  
1 0 1 0 2 2 1 0 1  -D
  K
 D; 
.
D;0
 3$ 
.0 5 
4 
    9.1%      20%      14.3%  
1 1 2  2 2 4  0 1 1  0
 D;0
 
. 7 
  18.2%    40%    14.3%  
0 1 1 2 0 2 1 0 1 *7 H* 4 
    9.1%      20%      14.3%  
  
 * A 0	# -#/
  D;0
 'D "2  2   5 *7
 H

5"#:  
% (  -#/
 D  E J	 $ 
#$	 5 . J.
	 5 5"$  A8;1$ % 
 5D !"
 -#/
2) 3$  ( 0$ % -	$ ) -#/
 2%4O2( 5 A
 5D -#/
 %  J.
	12) -	$  (9;+
 =R
	$  . 6.
 $#
  
121
$D 
R # 0$  -	$
 %  "  ! . G >% -D 7Z '
-6 $$ #<	$ .  
' ( $
 .0 H 5"0$0$  3$
 % 
D E 5G c0. 50 *6$
 
 	 5" @ $ > )0	
 $ 
#$	 5 5"% 0$ 5"	.0$
6$
 5"$ -;7  	7$ $%. 
 -4O10  :-#/
  D; =% 
. 
 
 
%  
 )*
6  )*
8  )*
10 D;0
 9 
# 1% 9$$  # 1% 9$$  # 1% 9$$  
-	$ 3$
 D; 2 1 3  2 3 5  1 1 2  
0$ 3$
 D; 2 1 3  2 3 5  0 1 1  
9;+
 =R
	$ -	$
 D; 1 1 2  2 4 6  0 1 1  
9;+
 =R
	$ 3$
 D; 1 1 2  2 4 6  0 1 1  
  
		
:  
1.   D;0
 -"%".0 5 $ A-	$ 3$
 D; !  / "#
G )0 5A S1	 .  
2. 0) 7 ( &$ ' 80$ 5"$6	 # AD;0
 3$ 
#% 6. ';
+
# R	$$ .  
3. S
	H
 % -$/
 0$ E
F % 5". 5  : 
 @0 % 4	
 "2%)4 
'; ("6	  K6
   0	# -#/
  D;0
 2  . =%
.0$
  J	  K6
  !
 % =2
  K. E.  
4.  
 $ =% #$	 5 $ 8 0	 0$ % -	$ $# 5
7	 3$
 )0	
 8;$#)8;1$  :	$ >;+% -	$  3$
.( 
  
122
5.  A8;*% -#/
 .0$ 5  D;0
 E
F 50 
 )0+
 '% $
 0	
 
 
 	
 5. 
6.  #` 
# A-#/
  D;0
 .0$  5"+0 KD 5G A
 3$
$
 *
 3$ 5;		 !# -#/
 
 2
  D
 /	
 6	
 "#	$ !
-#/^ .J% -#/ 
R
 6	  8+% 5	 "# # % . 
7.  -D 50 !
 '
"-	$ 3$ -# % " $ 	$ 3$
 9;+% % 
 
 520$  $# E#  -	$
 9;+%)  K
 D; 
. 

 
.0 5 5"# -D
D;0
 3$ .(E !	
 

 "2W: 
':   -#/ -2-	$   
:  3$ A .-	$ d$.  
':  
$  
:  	$ 6	$ 0+ -# & .  
  
  	 !	
 
 6$
 	
 E
F  D G 
 % =% K <
"	$ 9;+
 3$ " % 8$+ !0	"+ -#	$ 6	$ 0"=% A5"%  G 
  A 0	
 -;7 $ B*7
 -#/
  6$ 
 #	  D
- . 	$ P1
 (	$
 2$ (F.  
 D; % A9;+
 =R
	$ % 0$ 3$
 D;0  P $
 & 
9;+
 =R
	$ -	$
 . -
 4O11E .  
  
123
 -4O11 :" 
 -D 5 ' D;0
 9
%  
D;0
 9 "D 5 ' 
-	$  3$
  	$ 3$
 9;+%  
0$  3$
 $D 3$
 
R 
9;+% =R
	$  3$
 $6
 
R 3$
 9;+% =	 
;+% =R
	$  -	$
9 $D -	$
 
R 
  
 5" *. c-#/
  D;0
 # H 
 G % ;6$
 4	 "2	
 86	)46 (% !. $0	 !	
 
 "
 -#/
  D; =% E 5
$
 .HH	 56
  5"	D 5 D;0
 " 5"#
F 5 '` D G 
#//$ G.  
  
 83 - ./)$  21.' % &':(  
 H  
 
 < -#/
  D;0 
 .0$ $% B7	 #$
=% "$ 
 	 -#/
  D;0
 #5"%  I		 56
  D G 

	 D A!$ G$0
 	
  R
F !. 6$
 	7H
 4	 6. . 5% $
)0+
 
 2$:  
1.  6	$ # % * $ -#/%  K 
 % !. -#/

" D; % 
 	 H "	
.  
2. -$/
 S
	H
 0$ 
 E
F 5. 
3.  0	
 
 
 	
 5.  
  
  
124
)4(   9:/$: 
8H%O!	#
 	7H
 4	  : 
 ! 8#/ 8HH	
 '		 % 	7H
 $+	  
 $ "$D% !	
16 
 20 . I		H $F 56
 >$ ' ' 0$ 56Q	 P
=R
	 ' % -1$ A*
 
 	7H 1
 %  $$0	  $6	$ 
(7% 
 
 =?	 -#/
 B*7 - 
0
 =% % AP1 . -
 
4O12 
   *
 
  $
 '
 R	 )# ) 2%
 J$
4O:(  
  
 5D -
4O12 :
' ] $
  *
 
 16O20'  ) *
  
5D-
?
  -
?
 )  &
 $1
 /0
  
16 I		
P1$
 -  56
  16.0 27.7 21.1 
17 

 - 6$  B*7 3$

-	$
6
  
21.1 18.1 18.5 
18 1FD -	$
 - > 17.6 24.2 30.2 
19 %"
  -  16.0 16.0 14.3 
20  	 ) $6	$ =R
	 '( 14.1 9.0 6.8 
  
 !. K2 $7	
 H$ 	 A-#/
  D;0
 AJ
 "2$
 !. $#

 F . N	$   $7
 
7
  
 
	7
 R	 P
"$20$ A1;1
 ) *
 !. 
 F 520$ !. 86	 $7	
 (	$ $+ 36 
 
  5"	F S1% 
 > 56 D =
 3D	$
) =20 %-
? -# .(
  
125
 F  
66 &
 )*
  % 2;$  8+ 1#% 
 
 
? *17  20/0
 $1
  *
 $ %  . 3$ 5"	F 	
 A$1
 -
?
 !. /0
 D.19 .-
 $ 	
 	
 B;7	
 #$: 
•  $
 '
 % %  6. A"2$
 
 !. 
 S
% !. 5 )0+ E
'		
  ! /0
 $1
 &
 ) *
 $ -# !. *
 ] :
21% A27.7% A30.2 .% 8
 	$ '
  (	$ $ 8
1# '	6	
3D	$
 $7	
. 
  
81O;6$
 4	  :  
 !	0 
  	H
 5	"-#/
  $) "' A% .(  
•  0
 !.)%( ' A$ -#/ S 7\ P
 56 A
 $ #$$  -D% -;7 $ >	.0$ '
 $
H % 50 $F -
? =% F #	 P A
  ."	 5". )/#	
 F 0
  )
!#/
 -H	H
  
 KD " D;0
 -#/
 B*7 
 . 
 -#/
4O6 
 3$ ". -$0
 5	 !	
 -#/
 )" 7F 5	 # !	
 =% ( 5	 # D
 !. A.0 !	
 -#/
 %  <7$
 -#/
 < 
 5;F 5	 (7% 8%
.0 !  -#/
 < 5"$;F . 
 E  
 (F  D A% b !. 0* 
 520$ >

E !. 0* 	 !". 
 A% b  K	0$ G "% . -D 7Z '" )#
 
 
 -#/
4O6:    $ 0 !. -#/

 -#/
)% (6$
 !.  
  
126
 % E<%H-#/
 )%  ."
 b $ I$ 1;1 ! $. : AK
 G
 '		 A$2$
 K
 AK
)-< '
 /H 5% 50 e ' P
:(  
-
 I$
:  
]- [ $D 
R 3$ /H  
 $D 
R (F /H  
 	$ 0+ 6. /H  
 K$0	$ D% /50  
 	$ 
R /H  
  
 -#/
 =% - -<W $'% A# " :!/F d.] "> #.% $  H[  
  
!1
 I$
 :  
]- [ 	$ >;+% 3$ /H  
 	$ 
R 3$ /H  
 	$ 6	$ 0+ -# /50  
 >4 
R  /50  
 $D 
R > - /H  
 K$0	$ D% - /H  
'

 :9;+% =R
	$  
  
P1
 I$
:  
]> - [4 
R  /50  
 	$ >;+% /H  
 $D 
R /H  
 	$ 6	$
 
R
 /H  
'

 :)$ >/  
  
127
 5e% -<e 6. A(	$ = 6$
 !. 
 * 5 
  J0	 $. $%
	
 
:  
 R
	$ >;+% -.. /  
 -
 !. 	$ >;+% - 5
.. /  
 
R  =	 -.. /  
  
 5"#$ )# % A
 ( 
 J. .0$
 D
$ *. 0
  .	
 !. $2$ G 
# % b $ 
#$	 $ G % F A5" < 5# 	 D
$
 !. 
#  5 A5"% !. T+
 )  % ""% -<% 
$"#  ." 
 !	
 


 J. .0$
 D
$ 0
  .	 )#:  
':  #<	 9;+% =R
	$ -#/
 % D )#  
:   H 3$ &  F AH ! D A	$ ! - >;+%  E	<
0$ .P1$ & >% $". A
R
  E	< 51 .  E<% % 6	
;+
 =R
	$ % -	$ % )$ >/ # D >% 6	
 ! 9
	$ 6	$ 0+ -# - E	< 
 c9;+% . A50 ! D $
 
R - 7
 -
?
 E	< 
 c9;+% =R
	$ % -	$ $F >% D
9;+% =R
	$ >% D AH !	% $ A$D.  
  
• A' 0
 !.P
 -6 A6$ -H	
 0 ! " :  =		 $D !0$
$ -#/ $	 . -#  )D	< A7a
 	 8

 $	
 " E7<
 % # 	 !# 7Z T$	-H 5% -#/
 .  . . E% 6	0	 $
  
128
!$% ! D% A-#/
 .8
7Z 8$	 !$ '%  
F>.0	 5. % 5
 E#$ 
E$$% 

 $ =% 5
7	
 ." 
   D;0 5"#
F A"**7 -#/ 
 .0$ 0
  )/#	
9;+
 =R
	$ 0$
 -	$
 3$
  $	
 *	D
 A-#/
 .  
  


R H 
 % A% 0
 !. $# A8+% 0
  "2%  $	0 
-#/
  $0$ % $	  5"*  	 -#/ 50
 "2$
  . # 6.
 
 520$)16 Q (  -Q	 !	
 $	
 @0 5"$   
$ -#/ $  K*  .8;1$:  
  
':  9;+% 0% > AJ,$ -#/.  
:   $#]8$	 I	%8
7Z [  
':  
*D 
7Z A; 0+ >.  
:  >	. .-	$  
  
 T$	 
0$ % $ 3$ -#/
 % 6	0 
# ';
 @0" 3$
	$ >;+% ." 8
 -D  % "2% $#)'; 0% ( KD #	$ 
 $
-#/
 R$	 .#
 B*7
 .0$ !.  .  
  
  
129
)5(  ( !: 
8H%O!	#
 	7H
 4	  : $2% 3$ -$0	
  K6
 - % 	7H
 $+	  
'
 "$0	 !	
 E	   	7$ K$  . $ "$D% !	
 ! 
 
21 
 25/0
 )*
  
 HF 56Q	 5 A . -
 4O13)#  R	 
 
   *
 
 F) J$
 2%4Oe:(  
 5D -
4O13 :
' ] $
  *
 
 20O25 ' ) *
  
5D-
?
  -
?
 )  &
 $1
 /0
  
21  DF H )1(O 36	
=R
	
  * * 10.2 
22 	

 P1	 
R * * 26.4 
23  DF H )2(O 9$$ 
RP1$
  * * 22.3 
24  DF H )3(O B*7 -	$
 * * 26.8 
25 I		
  !$/!#/ * * 20.8 
  
• >. 
 S
% )0+ "2$
 
 0* ($ ;% -
 $ T+	 . 5 F
 * F  % R		 -
? =26.8% $ '	6	  ! A
 
  5"	F S1% 
 > 56 D =
 3D	$
 $7	
 (	$)20 % -#
-
?  .( )<$
 );7  (	$
 
 
66 /0
 )*
 $ '; P;1
)$7 -*% $ % 1;1  T* -#/ 
% =% .( % 3D	$
 G $ F
	 50
 50	
  3)!0
 50	
 -D $ ( %  A(	$
 
 J6	
 	7H
 0)0	$ $ 	7
 (E !. 8
 '0 D >. $7	
  . 
  
130
•  -
 "2W4O13  	7$  3$ -$0	
  
 KD 5 . -
?
 !.21 
6	$
 $6	$
  P A8;1$ R
	$ $6	$# 0) 	$
 "
 !.
D
 ( $ $) "
  !."K
 ("R
	$ . ( #$	 510.2 % $
T* -#/ -
?
 
  
 $ /0
 )*
  . $ =% #$	 5 $#
 1;1
 
O(	$
 
 
66 
O
  
 $ -
?
  . % 
 -
?
 
" % 7
) J$
4Oe ( 1#% # D" " 	7
 6. A
47.5 %D
 "
 !. 
 >$0	 $ 3$ 1#% J	 > 
 $. 
   
81O;6$
 4	  : c5*
 
 2$ )/#	H 5"$  6$
 =		 5  
F F 2$
   )/# 	7H P
  	#
  . 6$ 5D P
 #
 3$ >$?;	 ($ !"
 # 	 B  (	$
 
 
66 
 1;1
 
 %
(	$
 
 B*7 . 
 '
 $ 'Q A86	 
 K$ 6$
 %
	7H
 $ %  D # "+0 T* -#/ " '% D >  '
 # 
<7 " '%.  
 ` P c80. &$7
 (	$
 J6 H '
 
 % 6$
  "2%
 $2% 3$ -$0	
 % 5*
 
  D G >% (	$
 
  >[ 6
 (7% )
 "
 GD ( !&$7
 (	$
 2$ R% . % 5G
 >% HF c# 	
 $ 3

 (	$
  '
 
– !. 7a
 
 $ 0#
0
O ($ #? =
 $
 A0$
  )0	
 !. -/. "0* "  -#/
 

 
 .  
  
131
 	
   :   
     
    
  !" #
 
  
  
  	
  
 
 
   
    	! "
 
)$
 
 % ('( )* +,  -.! .  0 1

  )
2
 
 " 3 
2   
 4
   
 1
 5 6:  
)1( 6 8 98  3
  
)2( 6 8 98 :,)  3
  
)3(  (3/ 98  "<.3
 =>)
 ? **(6 
)4(  @*)
 **(6 
)5( 
0
 . 
  
 
   	
 A$ B  
 B    C 0' 3
) 	
4214(   +, 0' 0 6) 4$
 0'4  C   .( 0 9
 D3 	 0? 
  ( C  	 A' 	
 B  '
 
 
 "(.)* . B   '
   B  E.< %(  '(  
  
E'$* F%  60)
.  
  
132
 	
 4214  
  $$
 "	G
  ,
 A
 "*3 

  	
 
 )*  , A$ .  
 	
4214:   
 A$  $$
  
 "	!  ,
 A
 "*3 	


   
!" 
  
$
%  
& '  ( )* 

 56.6 55.7 58.1 52.7 52.7 
H
 64.6 72.5 70.8 66.7 61.6 125 
93
 72.4 68.9 72.7 67.1 64.0 

 32.1 30.7 32.4 30.4 29.2 
H
 35.3 41.6 39.8 34.0 37.7 6210 
93
 50.2 41.4 47.2 45.2 40.0 

 18.9 12.8 16.8 13.7 15.5 
H
 22.1 23.7 24.8 19.2 19.3 11215 
93
 31.5 23.7 28.2 28.4 28.0 

 17.7 16.1 16.8 16.7 17.8 
H
 17 21 18.0 24.7 17.7 16220 
93
 19.3 16.6 18.8 16.8 16.0 

 * * * * * 
H
 * * * * * 21225 
93
 20.3 22.7 21.4 21.6 12.0 
  
  
  	
 43  @ ( 5. 	
  * 0
 '$
 
 -	
  
  I
 6J42K 6I . C9! 	
L 0' M
 N<
 )
 O 
 O) C  
 )20 %  ( Q
O
   A'      1$.
 5 )8  * 
:  
  
133
E*2  	
 :  
•  0 9  
 L''$ B %()EH> E ( B	
8 C93
  ,8 ( . 
• 1
 N	 ( 
 B  %( H
 
 ( R! B. 
•    E.< %(  8 98  3
 ( R! B 
 
 B)65.7% 664.5 %A
 .( :,)  3
 ( 
 R! O
 L %( 
 B (  8 98)37.9 % 6R>
39.2 %.( 
•  N% A3 6 '
  H.H
 1
 43 ( E1 3 " "	
 N<
 )
 O   ,
 A
 A<*)20.(%  
  
EH2  
  :  
  0)
  93
 
     
 C9!  * 6B
 <

  (  '
  0	 0 6'(  ) . 	
 .)  1
 0
4214,8 
>    ,
 A
 A<* E1 '( 
8 C93
   '
  ,S

 N<
 )
 O )20 .(%  
   B  '
  0 9
 0%3  0B A' 
 0)
  '
     B  E.< %(
( A
 0	> " "T R$ 6D3


 98  3
  :
67.2% 662.2% 659.4.% 
  
  
134
+ 	
:  , 
  -  . , /
 . 


% 01  !
  
  
 HH  H  
 C9!  *  )
3
2 (  3
  )69.2 (% 
 )8 RH
  0
  6
 
  8 O
 4'$ 
)30.8 (% A$  ( "  U 0
 M 6O
  4'$ 
 
 5 ( ") 
 
 3 .  
    	! "
I :.) L3 6 '
 )* > I
   4(
 1  
	.  
  
E*2  
 )* +,  : 
  
 +, 
  9  1
 0
 B*
 
  	
 MT  -.* 6 ( "  
U 0
 
  
 B  C C1 B'
> 0H  6 
 . 	
 42
15* 0 8 O
 0''$ A$     -I  .  
  
 	
4-15 :4'$ 0  4'$
  ,
 A
  3
   
" (   

 
 
 0
 
  
(%) 
   

 
(%)  
-	
 

 43.2 56.8 100 
H
 23.8 76.2 100 
93
 20.8 79.2 100 
  
135
  H
5
2 A'  6 0
 
 
   
4
1 0
 H
   
  %( 93
 4'$  6E% : '( 
5
1 0
  
 .  
 	
 4216 9
 6427  ( "      -I 
  (  
 ''$ 
 "
   M 6:  
 	
4216  :
  ,
 A
NI 
   " (   
  &  
 22x '3 ! )x =0 ،1 ،2 ،3 ،4(  
 
 ) & 
 
 22
0 
0 1 2 3 4 

 43.2 44.1 10.9 1.8 0 0 
H
 23.8 48.9 20.3 5.7 1.2 0 
93
 20.8 43.0 21.5 12.5 1.1 1.1 
 
20.8
43
21.5
12.5
1.1
1.1
23.8
48.9
20.3
5.7
1.2
43.2
44.1
10.9
1.8
0%
20%
40%
60%
80%
100%




+&
,
&+
%
 سدا 	
ا ا
66
  0 ىا 1 ىا 2 ىا 3 ىا 4 ىا
 
 9
427  : ( "   
 NI
  ,
 A
  
  
  
136
  ''$ 
  
   3 O 
 
  
 L
  *
 3 6H8  O
08 ''$ <  L )	 > ( ''$ 0
 0

L 8 . O
 ''$ 
  
 6E.H1 6 O
 ''$ < 0 
 O
1 O
 ''$ 0
 0
 62H    . 9
 	
 
 1

1$. 65.:  
•  ( "
 E''$ H8 0 93
 
   . ( 0
 8 O
)0 ("
 N	  I 08 < .  
•   H
5
28 O
   
 
   . 
•   A' 
2
1 68 O
   H
   
5
1 H
   
 ''$H
 O
. 
• 
5
2  68 O
 ''$ 93
 
   
5
1 6H
 O
 ''$ 

8
1R
H
 O
 ''$ . 
• 93
 H
 
 ( R
H
 O
 I	  
 D3 . " <
$* 0$  '  E.3( 4'$  6
 5 9* E'
O
  4'$ 0
 A

    	
 " 6O
. 
•  ( "  8 O
  3'  
 013  '
 
98  M
 3
  6
 
 . 
  
137
 
  	
 MT  C1  : 
  
  
 NI A 
 N 9 1
 0 3
  (
 	
 
 A$  ( ") 	
4226 ( 
 ) 	

4227 .( 
  	
 A$  
 
  
 C1
 5 J
4
 H
 
 ( 
 0 
.  
  
(	
   : 	
 4217   ( R! 
   -I  
0 U 0
  A 6''$ 
  ( " .  
  
 	
4-17  :
  ,
 A
NI 
   "  ( 
 A$	
   

  
  ( " A$  (%) 
  
 
	
  
 0 1 2 3 4 

  
 0
 
 
 42.4 9.9 3.4 - - 44.3 

 
H 46.0 27.0 - - - 42.0 
 45.5 18.9 4.9 0.4 - 30.3 
H
  
H 52.3 21.8 6.6 2.1 - 17.3 
 40.5  23.5 15.0 1.3 2.0 17.6 
93
  
H 46.4 18.8 8.9 0.9 - 25.0 
  
  -.!@  4
 	
J  :  
• 
 B  %( H
 
 ( R! B. 
• R! B  %( 93
 
 ( 
 B. 
• 
  4 N 
 
 ( R! 
 B A'. 
  
138
A (
   : 	
 4218'
  
   -I   ( 0)
  
0 U 0
  A 6''$ 
  ( "   .  
  
 	
4-18  :
  ,
 A
NI 
   "  ( 
 A$  

  
   

  ( " A$  (%) 
  
 
	
  
 0 1 2 3 4 
   

 0
 
 
  47.2 11.7 2.8 - - 38.3 
 <  39.2 10.1 - - - 50.6 
 
0) 37.6 8.6 - - - 53.8 
  48.9 22.2 7.1 1.2 - 20.6 
 <  57.1 11.7 2.6 1.3 - 27.3 H
  
0) 41.2 21.2 3.5 1.2 - 32.9 
  42.4  22.3 13.0 1.1 1.6 19.6 
 <  42.1 21.1 11.8 1.3 - 23.7 93
  
0)* 80.0 - - - - 20.0 
 *'(  ) 0 0)
   93
   .  
@  4
 	
  -.!J  :  
•   ( 0)
  '
   B  %(  
   B . '

  	 "I  0 "(.)* .  4
 6E.H 0
 
  

 H
 
 
 
  '*  '  '
  
 ( 
 93
()12.3 66.7 64.3A
 .( 
•  O
 % $ 60 9 "
 ( EI	> <8 0 0)
  
H
 
 ( R
H
 H
 
 BH 6$
.  
  
139
EH2   '
  +,
:  
  ' "28
  
 E 6 3
  N	  11) ( 610) H ( 7 
)9  .( *	
 4-19 ،4-20  	   6 
 B*
 +,
 D3
+,
  :  
 	
4219  : ( " A$ ".'
 (  
 NI
  ,
 A
  
  

 ( " A$   

 
0 1 2 3 4 
0
  

  27.3 36.4 - - - 36.4 
H
 20.0 50.0 30.0 - - - 
93
 71.4 14.3 14.3 - - - 
  
•  0 6
 
  0  0
 
  38  

3
1 
   
E' . <
  6H
 O
   H
 RH
)RH
  < (
8 O
   '(.  
•  6H
 O
 ''$ H
   
3
1R
H
 O
   
  .
E3	  
   I	> %( . 
•  O
  93
    
?8. 
 

 	
 0')4-20 ( BH  
 ''$ 
 +,
    C
 "
 N  '
 (  
 ''$ 
 "
   ' N 6 '

)* A$  $'
.  
  
140
 	
4- 20 : )*  '
 .)   ( "   
 NI  
  
)(   !" 
)2 
 #


 

 #
 
2 
/45 
*6 #
  
1. 6 H I 1 F	J N 2 1 
2. 8 H  0  1 
3. 6   U 0
  U 0
 
4. 8  I 1 F	J N 2 1 
5. 6   U 0
  U 0
 
6. 8 H I 0  0 
7. 6   0  U 0
 
8. 8  I 2  2 
9. 6 H I 1 F	J N 0 1 
10. 8 H  1 F	J N 0 2 
11. 6   1 F	J N 0 0 
12. 10 H I 0 F	J N 1 1 
13. 6  I 1 F	J N 0  2 0
)* 0'  
14. 8 H I 2  2 
15. 10   1 F	J N 0  2 0 
16. 6 H I 0 F	J N 1 0 
17. 10 H I 0 F	J N 1 0
)* 0'  
18. 10   0  1 
19. 8 H I 1 F	J N 2 1 
20. 10 H  0  0 
21. 6   U 0
  0 
22. 8  I 1 F	J N 0 0 
23. 6 H  0  0 
24. 10 H I 2 F	J N 0  1 2 
25. 8   1  1 
26. 10  I 0  0 
27. 6 H  W 0
  W 0
 
28. 8 H I 2 F	J N 0  1 2 
  
141
 L *> Q03
  > 0 60' " 
  
 E '
 3
 0?
'
 J :  
  
•  )*  '
 '  
  (  60.7) %17  A
 28( 6
  ( )*  '
 4 0
9   )32.1(% 5 ( 
 6
 '( $ O  4
 I 0
 "*$
)5 O  '
 " 0 
 6<4< O )* "  .(
 = )   .97.1 (% 0

' " 
 )* 'U 9  T   
  
 
 A$ I ' 8. 
 
•   
   H)53.6 (% $	J
    E$ 6
O  H  
 "  H.H   . 
 
• 
 ( $
  0  0
 
  38  

 . 
  
• R.H '(   
 M  
 H
 
 ( I)  7 (
 93
  $ A
 6R
H
 O
 
 )   $
 I
4 (H
 O
  .  
  
142
•  $B
 R!  : 6'( C$  
 "
 ? R!  X '(
  X H.H 
  R> R.H "  6)2 6H
 ( 193
 (  (
 $  A
 O O
   0
  6R
H
 O
 
)H
.( 
 
• 
  A$  
 B   :
 ?  
  X :1 
  6 
2 6 < 10)  .  
    R.H 4'$) 
H
 (
O
 6R
H
  O
  4'$   '
  $ A
)93
.(  
  
 Y3'  
 013  ( '  '
 )*  '
  6 .)
 MY
 3
  6
 
  ( "  8 O
 
 98  . 

 B   ") H
 
  ) ( B   $ 
 %(
0)
(  '
   B  E.< %(  
   B 6
.  
  
 8 O
   0
 
  
  C1:  
 0
 
  
  X* 382  
 A
 )217 6165  


 ( L  M30.8 % 3
 -	  . *	
 4221 64222 

  	
 
 A$  
 B*  ",$! D3.  
  
                                                 
*  
  8 O
 4'$ 0
 >  ( "   ? L A

  

.  
  
143
 	
4221 :	
 
 A$ 
 ?  
 NI  
	
 

 
 H 
 ? -	

 
  116 95 211 

 
%  55.0% 45.0% 55.2% 
  74 42 116 
H
 
%  63.8% 36.2% 30.4% 
  27 28 55 
93
 
%  49.1% 50.9% 14.4% 
  217 165 382 
-	
 
%  56.8% 43.2%  
  
  
 	
4222 :
  
 A$ 
 ?  
 NI  

  

 
   < 0) 
 ? -	

 
  121 40 50 211 

 
%  57.3 19 23.7  
  67 21 28 116 
H
 
%  57.8 18.1 24.1  
  36 18 1 55 
93
 
%  65.6 32.7 1.8  
  224 79 79 382 
-	
 
%  58.6 20.7 20.7  
  
  


 CB<  '
 
	
 :  
  
144
• H 6
 
  B	 
 ?  
   H  0H
H
.  
•  Z9 '( 693
 
 BH 6
  
 B  %( "

 B

 ?  
   H 
  
 . 
 

 	
 )4223 (  
 ?  
 "	!  ,
 A


 )*  8 O
  ,:  
 	
 0<4223:  

A ,
  G
 "	  $$
  ,8 125 
  
 ?  
0<
  
   
 H
 93
  
1 N
  3
  84.4 82.8 94.5 
2 RH
  3
  2.8 6.9 1.8 
3 
  3
  11.4 13.8 16.4 
4 ,
 N
  3
  62.1 56.9 50.9 
5 -.%8 MI  3
  5.2 6.0 12.7 
  
 '( 
  
  '  
 B*  4
 	
  F%
 (3 0
 0 > 6,
 N
  
J
 9
  B N
  3
 (
L *> E' . N
  
   	
 5
  
  
 . H
   
 013 3 0
 > 6 
 B*
  
 RH
   3 98
E	 CT C$ MI  M$ M
 RH
    0	> "< 6
0
 
J
 RH
.  
  
145
  73.5% 666.4% 672.7 %  
 B* )6H
 6
 


  93
 ( 0
  LJ 0
 
J
 
  '( (3
=
 L  E.< ,
 
  (3 . MI
  
 8 
0
 
J
 9
  (3 '( Q-.%8    6-.% MI LJ   0

3?  0
 
  0? =
 5 -.% "I *> %)35.5% 6
28.4% 636.4 %A
 .(  
  
146
7 	
:   
  /
 8$ )"
 . 
. , 4 7 
 
  
  1
  ,
  38 :,)
 
 1
 T 
    	G

) :Fuys, Geddes, & Tischler, 1988(  
1.  "
  
  3
hierarchical or fixed-sequence nature.  
2.  D3
 %3  "
 discontinuity between levels. 
3. O  (  T
. 
4.  6C	
 "
  F
 %
  )implicit-explicit 
nature of thinking at adjacent levels.  
  
 ( * 6:,)
 5 9 ( E$ E  
 ".'
 A3
 :,)
 5 $  '3 "3  ) B  ' 
 "

 (   6
8  )
 BH)Fuys, Geddes, & Tischler, 1988:(  
  
"א	
אא،אא !"#$#
 	% #$% &א "#'(א )–א*+ "#') ,-−)0!12א ) 34א 56 
"!
+א(+א8"94-:);") :187( 
 
  
147
E*2"
  
  3
  :  
 4'$   * A

  3  1
 (    ) 5 O

n O
 4'$  
  )n-1 ( "
 )n-2, n-3, .. .( 0 


  ''$   	 >  :$()"  ( O
 4'$  ) 
"
 (8 . 	
 4224 N	   1$. N 6 
 B*  
 M   0
 8 5 O.  
  
 	4224 :  
  O ''$ 
  
 )H  ( L 8 4'$ )(  
   
 
 
 "''$ 
  
 
 0 1 2 3 4 
-	
  
0  45*  15 13 5 78  
1   47* 36 16 99  
2    45* 20 65  
3     28* 28  
 



 


 
"



 


 
''$
 0


 



 4       
-	
  45 62 94 69 270 
  
 L	   	
 1270 M  0 0 0
  
 A
 
 O) F$
 3 0)3  5 (  " ''$ < 0 0?
 8 "
 ''$ 0
  3 . 9 L  3
 21.8 % 
 	 
  
   <  63	  3
Usiskin  "T 
 L ( 
  
148
29) %Usiskin, 1982: p. 96  .( ''$ 
  
 
 :) 9 1 >
 O
)n ( O
 ''$ 0
 
 
 )n-1) ( $ 
 0<8
 C9> * 	
 (4224( L	   	 Q165  O ''$ < A
 
 L  9  6C9 L 8 O
 ''$ 0
13.3 %  3
 
3	 .  
  0	> BH  
 L 0' M
 )
 
 A
 5 I 
3  )  6 
 ) .8 N $
 $  * 3 )
  ") )   $$  	> 0.2 "	> R.H ) $  6
  $$–<8 2 M ")  )  0.06*  A'  =  M 
74A
  =) 0.06 ×1240(
 )
 O M 4'$ 0  .  >

 .)  1 	4224  O ''$ 
  
  3 
 ) 
H ( L 8 4'$ ) ( X M
67.5 O  A' 5	 6
)
.  
  
  
 
 
    
 5 +, 1W 0 9
 (  1
  
  3
 N 4 
.  
  
                                                 
*  = 





3
5
 ( )2.03( )8.02  + 





4
5
 ( )2.04( )8.01  + 





5
5
 ( )2.05( )8.00  
  
149
EH2 D3
 %3  "
   discontinuity:  
      (   )
 5 $    99  
 5 +, 
)Fuys, Geddes, & Tischler, 1988( . E  E$	J  
 D3 1 '(
oscillation".'
 BH 	    .   D3 6E.H  
 O
  $	J 93
 H
 
 
0  1  (3 1 R$ 
  3
   0
 0
 0
  (
J
 98  B$* "<.3
0
  (
J
 98 D3.  
  "  H.H  $	J A.  3 	)0 61 62( R$ 6
 R
H
 O
 :,)  (3 1)2 ( 698  "<.3
  (3
 H " 0)  698 3"_( 6>" "<
  ( 0 *> Q
 M
 
 O :,) D3 1)820 (   <
 =$ H

 C
 N 0B.   9  3
  	$
 0< 0  60
  
3
  3
  .  
  
EH
H2 T
  :  
 O 
  6 
 03 BH  T
  %<   (  1 I
 )
 LT
  . Q T
  %< ( 
  
 O
 E9 E3% =  0?
  
 5 +,  *>)) 9 ".'
: ( %'
 5 N 4.  
  
150
 0) ( 3% = 0 9"   T
 "   0  3
98 B  E$ $  6"<. . 6E.H"D3 H 5I N
"  6
"  N
 IB9
" 6"D3  H"  6" 9 *]3' [D3 N "
]I M" .[3
 L9 " 6" 3
] "3
 = 1$* : 3
 M[ 6" RH
" 6" % C'
" 6]" RH
3 RH
 L9 5A  [
0	$ 09" 6" 3(" 6" " 6" )]" ."HH
 [
  D3 MI"  6
""  6" RH .""<.3
 3 " :
N
   " 6
" MI
]-.%8 MI [  
 ."  
  
E32 F
 %
  )  explicit nature-implicit:  
 
    0
 
$
  O   
   O   
  0?  )
 5   !  0
 

 Q)b < "
 D3
 )Fuys, Geddes, & Tischler, 1988.(  
  
 +, 0 6
	> 9  
$
  
 (  1
  8 :,)


 0 
 "
   ) BH .  
  
151
!* 	
   :  
  /
   
2 
*  7  
  
  
 OWirzup) 1976 ( ( ' MH
 03
   (  
 013 
O) " 
 0' 03
 E1 
 
  8 O
 . A$
Hoffer) 1981 ( 
     E H8 -%
   
(
 H
 .  
  
9 60 9 03
 03
 (  
  "
 +, ) $ 8 

9 H
 ( 0
3
  013 ( 
 $
 3%) 6$

2003QSpitler, 2003; Mistretta, 2000; Fuys, Geddes, & Tischler, 
1988; Senk, 1989; Carroll, 1998; Clements et al. 1999; Battisat & 
Clements, 1988  .(
  
 ) * 4
  (  0?  
O)8 
    .  
  
 
 '
 E E) ") 
 "
 D3 D3 0
 	
  > 6 
 O
 
4225 " C  C)  ' 
 
 
 
 "
 C ( :  
  
152
 	4225 :  
  ) 0)  C (  
 O
 
 
 " +, D3(%)  
 . , /
(%) 
 
 )

+/ 
1  
0 1 2 3 4 
 )
 
 "*

C$
 
Usiskin, 
1982 2361 7212 32 21 9 2 1 35* 
 
Gutierrez 
& Jaime, 
1988 
309 6212 47.7 20.1 6.5 3.5 2 22.1** 

  
Whitman 
et al., 
1997 
444  
4 67 6
9 611  
50 16 25 9 2 2*** 
(  6

2001 
264 10 14 46.2 14.4 15.5 3.4 6.4 
8   6C
2002  
532  6210  36.5  24.9  12.9  0.8  2  24.9  
(  
 5 1240 6 68 6
10 
45.7 16.8 5.6 0.7 0.2 30.9 
  
  1$.1  :"
 N	 (  C%
 "
  
 ")*.  
  1$.2  : 
 "
 6C
 
 "	> "*3  C
 0<8.  
  1$.3:  )2 (O
  :$ 0
  
 J 3  
  1$.4   :
 O	   
 5 N 0,.  "3
 D  ' ( ".3 R$
 '
 .  
                                                 
*    0<
  
 5 ")125 0<
 0) 6 ( "
 "0 "  3

 8 O
   0
 
  
)98  3
( B*   "T < 6
  
6  .%R$
 %
 ?  
   
  
 5  .     "
  
 5 ( 93
 
56% 9 M$
   626.% 
**   6	
  ( C    0
 	 0  
 5 ( C
 0<8
 0 9   
 ( "3%  .0
  
 5   O
 :$ 
)
. 
***    6	
  ( C    0
 	 0  
 5 ( C
 0<8
 5 
 
 "$ C3 R$
 0< 6: 9   
 ( "3% 
A
 .)
 O
 :$ 0
  
 5  . 
  
153
 ) 
 ) ( +,
 A' O 4
 	
  F%
"
 . 6
 
  8 O
 ( 3' 
   013 E.H

 $
 ( 0  
  
?  0?
 03
 ( 3 . 
 4 8 
 B> N 3 $Wirzup) 1976.(  
  
  
154
8$ =*:  
  
  
 O
 E9 E3% 1  
 +,  0 9 '
 

 
  
 -% ( 
 .  
  
T(
 
)69.2 (% O
  0   ( A$ 
 
  
 8
98  3
  .(  '
 )* +, "' <43   	
 5 .
+,
 08 :)  (:  
   
•  '(69 % 6 ( "  U  
  E'  R$31 % 0


  8 O
 ''$ 
 )98  3
 ( M 0 0

. 
• 3  
 013  "M
 
 " M  3
 03
 1
 
:,)
  "3
 
 J	 * 69 . 
• 
  
  
  ''$  %3 3
 Z9 .  
•  Z9"9S
  (
J
 1
 ">  3
 (  
 L
  E3	 E
 98 5 698: 
 
 
N
 
 
 

 
 
 
3
 
 
 
-.%8 MI 
 
 
$
 L9 
  
155
 (3 *   ( ")
 %3 *  
    
)  H 
9S
 .	 98 5 1 3	 8 )    ( E3	
 > R$ Q98  3
""%3 " M 
 98 5" $ "  '
 3
 A

 N * .  "<.3
  
 => 0 A 5 
 "<.   *   ' " 98 5 N 3
 98.  
• 13  Q98  3
   BH 98  < Z$   
 0
 3	
 8 5 N ( 98 0B.. 
•  B Q "<.3
 98  3
 ( R! 
 B A'
0)
  '
   B  E.< %(  
  . 
• I	>  3 4 	  0?
  (  1 N 
  
 "
 H$
   H L( R$
 A M
 8 Q 1
  9 "*$
 1
  
. 
•  98 :,)   ( B  
  
  T
 ( 1$ 3% =
$ 0) (  6 "<.3
    ? "– '< ?2 3
 
 3   0 . 
•  ( 0<  
  
 O
 
 
 " ) *
O)8 
 .  
 43 (  
 -% ( E E3% =  >

 "
  3	  1  0 3
 $ '.  
 
  
156
 	
  
	    
  
 	
 	
 	 
   
	
      	
 !
	
 	
 " #$# ! #%& '(	
 	
 	
 "! (&  )	
 
!  ## *+  ,
 !	
    -.
 !  /
0
 1 ! 
 +21
 ! 34	
 1)Clements & Battista, 1992  .( 	
 8  9	
 1
 :)- ;  2 ;	
 +	
  <0
 (= *
	
  ! 
>  4.	

? (	
 .@
 ! !	
 / 4. 	
( ! :  
• .
 - .@
  !.	 4& & 3)	
 !,
 '! ! 6 % C 2	
- & D! ! ! 3)  #  224 DEF G$# ; E0
 3
!  (&(	
 (& /	) #  1 * .  
•  +	 ! *	
 	 (	
 	
 H2&  I1 ; +1 .@
 D#
	
 J #2)Wilson, 1990; Crowley, 1990; Usiskin & Senk, 1990; 
Jaime & Gutiérrez, 1994 .( .@
 
)- <1 2 /	
 J /&
	 (	
 	
 I1 ; ! ! .
 " ! (	
 +% . 
• -! J ; K	    ,
 =	 L4 !0  	
 
,
 H4.  !	
 / 4. *	
 	 (	
)  ,
6M10 (& 
  
157
.@
(?!	
 & (& 	 F D (	
  D#	
 !!  1 
)- 
 (#	
 !	 
E (!	
) 11( . 
 .N ! ;	
 	
 :
 D  &
(- ,
 !!	
 ,
 ; K	
 ): #!	
 (!- * : ;	
 :@

  - (#	
 !,
 '.,
 .	
   !  ;	,
 ,
 D
.	

 2 	 224	
 H4.	
 (- <	 D	 
>	 224	
 E0

. H4.  .	 	#!   ;	
 G2	
 
 1 C  
 	
  	
 O	 .@
.  
#!M 1 
>	
 8.@ ! :  
P!	
QRR- PS TUR PQV(PE Q!RWX YQ$Q+R! SPZP[ 
  
Q&P!P QS# (\G$X Y!Q#S]:  
  
  
  
 
X3^S.	
 QD
 ! ) ( ;	
)(_	
 	`PQ PI	P4 Q2 2Q&\ (a P!b 
) (  ! 
 	
.  
) ?(  \c\1 TdR Se4\KZ
f PQ! YPf PP!	
 
Q.  
) g(  
!! 
 	
. 
) (  !  !	
 
f	
.  
)h-  (PEQ!RWP! P PPX YR:$P4 Q2iOQ& \ (a! . 
  
! *4	
 
)- (&D *<2 ; 
>   1! # 	
 ;	
 J	
 
)	
 - & D! ; 
4R 	 ),
 !	
 
  2 	 )	
( - * 
(	
 	
  ; #> (	
 !
	
   D2!	 ) W!  
. *

	
 D4.  
  
158
    :  

>	
 
)- H  : (	
 	
 ! (- ! b	
 	
 
 ! (	
 .@
  ; 	
 DEF ;	
 	
 + E0
 D
	
 D$ !	
. 
 	
 !	
 ; (  ! 	
 	
  	
 D 1
*,
 ,
 ; K	
 ; (	
 - 4  *	 	L  ;2 
 !D= ! 
)F ,
 ,
 :)- ; & @ K	%! - ! !   
	:1	
 ; ! :E
 K$.  *	F 	
 
f D.
 
)F   .  !
 E @ 
)  ! D  4!   < 	
 -) (& ,

 D1$  
 . ! ; 4 2 ! (	
 ,
 (& 	
 9
  1
 (	
 D
	
 ! 	
 W! /	) C
 1 *
E! 
 ? (	
 ,
 (& 

$#!  *E
! D!)  :Wirszup, 1976; Fuys, Geddes, & Tischler, 
1988; Kouba et al., 1988; Clements et al., 1999; Clements, 1998.(  
   ,
 % 34	
 !@
 
)- #2	
 J & 1
 ;	
 /	) 3> ',
  f!	 4	
 	!	
 2$! ; j9 -) D.!

	
 ,
  *$#! ',
 H4.  	 ! ! C. #! H4. W! <
 C=!"^R!" f
!  ! "$  *" "!	
 W! 	  . /	) 3> 1
 ; ! 3)	
 !,
 *! @  ! 1 (	
 	
  	
 g)!	
  ;	

  
159
 #!,
	.!	
 #!,
 (!	
 	
 9# l	 !   (	
 )Clements et 
al., 1999( . (!	
 	
  (& 	
 ! % 90
 W! E	
 :)- C !
 .  D! ;	
 !  	 
 	
 ! ,
 !	
   
)Wirszup, 1976 .( ) 1)Shaugnessy & Burger, 1985 ( G2 	2 (& +
 "
4  J1conflict (2	
 34	
  )(#	
 ,
 !	
 3( m& '
 f 34	
) H423.(  
 g)! - l	 	
  &	%!	
 -!	  !!	
 D
	
 2F
"8 	F "Eleanor Rosch  K4	  &,
 g)!	
 prototype 
theory  . 0
   !& +m& K4	) ( (	
 H4.	
 ) W @
 *K4	
  !.)? ( *-L ! &  ?1 D	
 J E)g ( K4
-L ! # 	 9,
 J . *K4	
 (& H4.	
 ; !@
 ! @
 &,
  ?1,
 g)!	
 ; 0
 !prototype$#! * : ! ?1 4	

 	 #! !	
)Giannakopoulou, without date; www.sis.pitt.edu .(
 ; ! *	
 ,
 !  	 ?1  & E)! ( 	
  3
.,
 	
 ,
 ; K	
 (& g)!	
 
)- (& 	
 2 W! G2 ! 
R !  !	
!	
 ; K K .  
 	
  (& & D
.	  @ 	
 	
  ) ;	
 
"(	
 	
  ; #> (	
 !
	
 "4	
 
)- ! .( ! !	
 4  G2
  
160
 ;"<-! " 2  	
"
1 " # 3)	
 !,
 '-
1 < ; 
 2@  ! 	
 "! :E 	
 . !!	
 +   3)	
 	
   
 . D1 ;	
 !   ! 	
 ! @ G2 2
 C (& 
)Bransford, Brown, & Cocking, 1999 .( "! (& !!	
 K  !
 	
)	
 E
! !  ! 	
 D
 ( (& 	
 D
1 ; O
	
 :# +	
+	 !& 	
.   
 I	
 W
	
 K4	 D	
 (& 	
 	
 D
.@
 D#2  	
 (& 	
 D
 	 !  9# 	
 (& 	
 	
 D
1 ,
 	

 $. !   D	
 
E0
 &!	
 -!	
 & (-  #$# I1
 D$!	
 2)	
 	
 <
f/ 	
 I 	
 f! :1998 *2000 * 
2000? .( *D	
 (&   ! 	
 9
  D
.@
 :)- DE
	 D	
 (& 42	
 ! 
	 (	,
  	
 ) I	
  
 (,
:  
" 	
א א    א א . !"#א א$ %&'
()*א%$!	+$,א -.*'/01א234/ "א'3א56)א' .7 '!	'
880 9א!:א  !"#א ;$ <)*= %	
א >? @A$אBCD$
(..)، !"#א>*H)I42J'KLM !"#אאANO@!N	!J'
P4
?%$Q!: אR!א(א	א!:@ !"#אS!C'T	R!:UR!Vא!	7%&W)4
 אR!א(א	P3C.KJ'4)אXY !"#א>*HVאZ:R!HVא%$'
&	 7  [Vא \Rא] Qא!*^$ T' _^" Q R` /א R' 7 ".) <
f
	
 	
/ * 	
 I 	
 f!1998 :30( 
  
161
  :  
  

>	
  (#	
 -  : 	
 	 (	
 	
 ! K4 ! K
E D9E b2
	
 K4	
 ! 	
 ! IE	
 ?2 	
 + E0
 
 D&$.@
 J E L K4	
  (& < E ? ! E	
 9
 %
.!	
  	
  9
 ! $1 &   & !	
  9
 ! *	
.  
 1 *#2	
 J 	 !-
  G2 #! IE	
 =! "!   	

)- 2 	
 D.
 G0
 C )	
 	
 D
1  E ! !& *"!	
 
 	
 (&)Usiskin, 1982; Fennema & Carpenter, 1981 () *(	

2001( E	
  1& 
E 	 /	) 2 C 	 ! ! ')Clements et al., 
1997 () *<42002(Go	 1 DE D
	
 J ')  	
 <
f
	
/ 	
 I 	
 f! :1998 *2000 * 2000?  .(  
 9
  
)!	  1 (& IE	
 =! W! 	
 ! =! + 
 D
.@
  & ! 
)F 4. *.!	
  	
  9
 ! & !	
 
	
  9
  D 1 	
  	
 !	
 ?$ 9
 ! ;  .!) 	

	
/ 	
 I 	
 f! :1998 *2000?  ( 		
 I
! !-
 ? !
!!	 -%	
 ?	 . 
 W! 	2	
 
	
 C)	
 	
/ f!
 	
 I 	
 :1998 ( 2	
 :)-  4 ;	
 g2 !,
 
)-  *
 2 4.  ! 
" (& ! .N   !E f! 1 (	
 &!	
 H4.
  
162
(	
 W!E	
 /	)  	 J (	
 D
.	
 "
 /	) " (&  1 3)	
 !,

!$! D
  ) .	
 	
/ 	
 I 	
 f! :1998 :32.(  
  
  :  

>	
 
)- H  : (& 	
 	
 = (	
 - & D! (- !
b,
 	
 !#	
 I	
 K4	
 
 D! ! ,
 !	
 
  2 	
 !  (& .@
  !	
 D 

K	
 - *(	
 	 - & +! ; 
  2 	 *,
 ; 34	
 
)44.1 % *I	
 K4	48.9 % *!#	
43 %	
  .( ! <4	
 !
  K43.2% *23.8% *20.8 % 	
 !#	
 I	
  !) ;
(	
	
 (,
 !	
 
)- 
  2 	 . ! ?  ! 3
5
4  *I	
 
4
3  
 *!#	

5
3+  ,
 !	
  - 	
   .  .!  	 W	
 
)-
 C !& ' 	
 D
	
 E
! 4& (& 	  (	
 D
	
 ! 	
 
	
 "! (& I
!	
  K.  
J	
 ! ! 	
 !#	
 4	
  ?
1
 - :$	 D&@ ! .
 	
  9
 K	 !!	
 D
	
 2)	
  ( (& !#	
  W!  !
 # /-   *K4	
 
)- (& 	
 ! @  - -!	
  !	
 J
	
 -!	 (EF  	 J 	 !#	
 K4	
  	 J (	
 
  
163
	
 M ! D
 $. ! H2& ;	
 g2 !,
 
)-M   ?  
	
 H4.	
 -!	 	
.  
 D! ! ! 3 
  2 	  
4 	 )	
 	
 9
 ;	
 	
 
	
 	
 W!	
 ; K	
 (&  & 4!	
 	
 ! 
 ?
1
 2@ '(
!	
 W!	
  K	%!	
 	
 ) 9
 . 	 	 W!	
 	 E	
 :)- >
	
 . 	 )F *4 ,
 # G#!	
  *4!	
 	
 #! #!
 ; 	
 ! K
E <=4 <2 
f ; 32 3)	
 G#!	
  D41
 *
	 K	%!	
 G#!	
 ; EF.  
 3) 	
 f& (& 2E <
 (	
 .@
  4	
 
)- (&  	
 !
  2 @ % 4 	
 D
 	
 - & D! ! ,
 !	
 
(	
 	  .p$	 	
 9@>-   C ! E ; .N 
 @ 	
 9@>-  3 */
0
 1 ! ! - *- 	 34	
 ,
 !	

 +2 ! ,
 !	
 C 2	   (& 	
f)Clements & Battista, 
1992.(  
!.	
 1 ;	
 . <! C	
 ! - @ 
 	F <0
 D! (	
 
(	
 .@
 (& 4. 	
  ; 2	
 *4	
 
)- . # 	
fF  
)F
 +  2 3)	
 ;,
 	
 ! 9=	F (= '!.	
6) % C 2	 !.	
 
! ! (- & D! ; 
4 )	
 	
  ! .  
  
164
:)-  ,
 
>	
  W! 	
 )	
 	 	
 ! ( < ;	

 H2& I	
 C !	
 -!	
 (& 	
 <F 	
 "! !-@

- D	N !  !	
 &! . @ (	
 	
   - &  1
R )F *	
  !	
 ; !	
 
)- (& I,
 
E2 I	
 !	
 .  
  
 !  :  

>	
 
)- H   : W! 	
 	 (	
 	
 D!  E -
b- &  
- & 	 ,
 H4.	
 
	
 :)-   *(	!EF  .
 E0
    (& D!	
 !- 4.	 4. !- 
>	
 
)- ;
- &  . !	
 - & D!  ; #2	
 ! C
 G2)Usiskin, 
1982; Mayberry, 1983; Fuys, Geddes and Tischler, 1988; Senk, 1989.(  
 + !  f !13.3 %! 
  2 1 	
  ! 
  2 	 ! 
 + ! /-   *<! +! ;,
 !	
22.6 % ! 
  2 	
 !
 +! ;,
 C 2  ! ) 3n-1, n-2, ..(M (& 	
 + 1 3)	
 !.	
 ;	
 
.@
  .  
& ;	
 E2	
 
>	
 
)- ; E0
  \ *D1	
 I (& 	  
 ;	
 E2	
 /	) 4  *! ;,
 C 2  ! D!	 	
 C 2 
  
165
	
 +   3)	
 !.	
 L  . 9
N ! 
	
 :)-  ?  )F)Burger 
& Shaugnessy, 1986; Fuys, Geddes & Tischler, 1988; Gutiérrez & 
Jaime; 1998(	
  (& *(	
 	 - & D! ;	
  .G2   
 G2 *4! ! #
 4! *# ! #
 ! D!	
"?)) "  
;l	 ;,
 !	
 ! 	 
 9# !  E
  	
 . ) 1
)Burger & Shaugnessy, 1986 ())	
 
)- ?  ,
 !	
  # O

	
 	 *G	#	
 (#	
 !	
  O 	 *(#	
	2	
  
)-  DE 
 D! #$#  G2 1 + ! *G	#	
 (#	
 !	
  G2 ?))	

<E!. 
 9
N 
	
 :)-  !)Gutiérrez & Jaime; 1998 (
 < (& 	
 ! + ; 	
  *D!	
 ! !E! + ; (-  !  ;	

 2singular process @  ?		
   2  !F   . W! !	
 $.   &
 ! (-  ! H4. ! 	
 ! 	
 J  	
) 	L
	 	
(	 * ! D1	
 I (& *!	
 
)- H4. W!E ! @ 
 .N ! H4.)	 	
 ( 3)	
 !	
 	L .(  % (2 !,
 
)-
 2!  fE  ?		 @ *(& !  2! ! # !  !
!	
 
)- C 2 ( !	
 
)- .
 .	 W!E fE @ ?		
  G2 ! 
 (& ,
 2
!	
 W! !,
 I  *,
 2
!	
 fE +  2
!	
 :)-
  
166

)- *	
 : !	 (		
 !	
 . :)-"2	
 " 	
 J ?))  1
<E! D! #$# .  
  
  :  
 
)- H 
>	
 : 	 (	
 	
 D! K4 ! K
b.  W!  ! 	
 
 	
 	
 K. @ 
# (&  *.,
 	
  ! -L 
	
 9@>-  W! E D &
 2,
 J .   .,
 	
  !&
! ,
 !	
 (& (& 	
 2
!	
 (& - 	
 	L  L *(	
 	
 
(!	
 	
. 9F W!  2 ;	
 C !,
 
)- )1976Wirzup, .(  
 /2	
 < ;	
  +	 *
f ! `!S!  1 !,
 
)-  O24
 ;	
 	
  4. . 
f !
	
 :)- *!E!   G#  ) 
)F
 	
 )30.8 (% 	
 D! ! ,
 !	
 C 2 ! 
! 	
 D!.
 (	
 K4	
 ! ?2 - & D! ; 
4R 	 3 *(	


	
 :)- (&  .(	
 	
 ; #> (	
 !
	
 ; K	
 ! @ /	) 
2	
 W ! ! ( *(		
  	
 (& ! 	
 9@>	.  
  
  
167
"# $ !%
 &' !  1:  
  $. ! (	
 	
 ; #> (	
 !
	
  9fE	
 
)- (&
 F (& 9fE	
 
)- (% *	2	
 
	
 +E ! E
! D! (	
 D
	

2!!  (	
 D4	
 *
	
 :)- 	 D4 (	
 	
 ! 	
  	 .
 DE * !	
 &!	
 	
 -!	
 34	
 /
0
 *=	
   G2
 - C 	
)-)	
 C& &!	
 4. ( ;	
 C	
  ! *_	
 !

 !	
  <	
 
. *H.  (	
 W	
 ; ! < W! g!	
8!! "! 	
 ;	
 .  
  
@M =	
: 
"=	
 
.
 ; > (	
 D	
 (& W
!	
 # ! 	
  1 "
)Hoffer, 1981 .( D! ;	
  @
 ;  - 	 	 =	
 
,
  <E	
 D1$	
 2 *<E/ ?! (& 'C	
 !	
 ! -!	

 ?		 -)	
 ;	
 	 3)Pandiscio & Orton, 1998 .(  
 - & ) (&  !Fuys, Geddes, & Tischler, 1988 ( ? 
)F '=	
 fE
2 ;	
  	
  (& 	
 ! ; ! =	 !	
 . 
	
 + E
 3)	
 !	
 . ? K ?		
 !	
  4
	
  
 !! 	 E!	
 ,
  (!	
 K$.
) (&  ! - &Gravemeijr, 
                                                 
1
 	
 - &,
 !   
 ;)Fuys, Geddes & Tischler, 1988.(  
  
168
1998 .(!	 	 :!  K. ?		 	 !	
 ;! *$#! . & ! 
 K @ 1 *	
 :!  H4.	
 J ! !	
 ; K	
 ! ?		

! + ; W!	
 . H4.	
 ! !E! - !	& *!	 	 	
D1$	
 : *"$,
 3! *"$ 3f
! ..! W!	
  ! *q	
 . ,
 :)-
	
 C .!	
 E!	
 <2
 =	 !!
.
 L 	
 !	
  4
)  
/	) ((!	
 .! 	 * . - & -
 (	
 <2	
 	
) (&  !
Gravemeijr, 1998 ( !	
 
 E! 
 
_  ! 	
 ! (-
I2!	
 .  
	
 K	
 	2	
 
	
 D (	
 =	
 (& 	
 	
 	 
!.44. ; K	
  ,
 K4	 9
  . ! #! ( !&
"D24! "4  (	
 	
 -!	
   !. (	
 	
:  
 E	
5M1:  
 ! #!"D24! " -!	
   !. (	
 	
4  (	
 	
  
	
 -!	
 	
 D24! 
"$,
 K.!  1	
 3! L  
W	
  J   *  

f	
  I	
  
3	
 9(	
 I 
3f
	
 K
2
 *! 
2!	
 !  *E2	
 
2! L  /( @ :) ! !  E @ 
	
 J,
 K4	 =	 3 
.
 ! 
! 	  . 	 	
 2 *$#!
 !	
 	
 W! ,
 1 +! 1 G2 * !	
 K ! !
@  ! E	
 	
  
)F ! 2 (. 
  
169
#M  !	
 &!	
 *	
 -!	
 *34	
 /
0
: 
 D 
 
	
  	2	
 .,
 D
	
 ! 	
 W!)Fuys, Geddes, & 
Tischler, 1988; Burger & Shaugnessy, 1986 (G2 	
 	
  
 ,
 ,
 ; & @ 1 *	 	
 !	
 ; (  !
	 K	%! - ! !   D= ! 
)F  *	F 	
 
f D.
 
)F  *
1	
 ; ! :E
 K$. . 2 ! (	
 ,
 (& 	
 9
  1

E! 
 ? (	
 ,
 (& 
 ! ; 4 .  
	
 DE !
	
 ; 3! :E !!	
 ,
  	
  ! f 3)	
 !,
 *1
 ,
 1	 	
 W!E /2 $.)D$ !	
 (& ( ,
 :)- <4 9$ (
	 K	%!	
 	
 W! .  
G#!	
 ! *$#! '  !! # 	
 2 D
 ! 
& 	
 !2  :
!	
 
)- (& G#!	
 L @ ! 	
 J#  * ! D##! 
 !	
 
)-)Shaugnessy & Burger, 1985 .( 	
 -!	
 1 Df  	
 =	
 $. ! 9
 ! D! (	
 D$ !	
 9# 	
 !2 (	
  !	
 &!	

	 
 (	
 !	 	2 C $. !  !. (	
 . ( !& J
.	
 -!	
 2 #!,
:  
• 41 .N   ; !	
 32  ?E.  
• ! ! (	
 ,
 ! 2!  E.  
  
170
•  !  ;   ?E  !  +	 ! diamond.  
• f
!	
 	
 "$,
 3f
! 32  ?E *$#! *&2!  $! 
 *3f
!  ( ! "$ ;"! +	 !	
 I " J 1 !
	
. 
 2!  !	
 &!	
  @
  C 2 #2	
 G2,
  D
 !	
 ;	
 	
 (% G2 *	
 1 (& ( * !-@
 ?E  ! -!
 @F42 & 9 	  & (!,
 C	
 (& !.! ;   <E	
 &!
)Bransford, Brown, & Cocking, 1999  .( :)-  D
	
 J D 1
 :)-  ! *<E -! ?
 <!  1F (&  !	
 &!	
  -!	

!	
 !	
 (& ! W1!	
 ! (	
 &l	 1!  1 -)	
 -!	
( *
 -= 	2! E
! -!	
 :)- K
 ! @)Hashweh, 1986 (
) *E	
 <2	
1990 .( 9. Df *:$ <)!	
 .	
 -!	
 # !
	
 	
 
	
 D$ !	
 9#  /#! !:  
•  W!	
 "$  /	) (& ?	
 ! W!	
  g
 ; < 	
 
4 	
 	
 & !	
 "$ ! !.  
•  +  @ 	
  ;! *l	 ($	
 "	
 	
 /
F 
 ! ( @   ! 3)	
 G#!	
 "  . )F *$#! G#!	

 :!) *1	
 3! *1 *g! *2 ..q	
 (+! ! G#!  .  
  
171
•  "$ E  ? "$ 3f
! - !	
  W!	
  1 
"! "!&.  
• ! 	
 :
f ? ! - W!	
  1 .  
  
#	#M  	
 C *	
 DE)-)	
 C& &!	
(_	
 ! *: 
 !  (	
 ?,
 ! *	
 - 	
   -
 #,
 "!	

  *	
 -! 
! 	  *<# D#F ? 	
  /	)	 	

 -
 2 ? "!)Hoffer, 1981  .(  
 ! H.  	
 *  D	
 2 	
 +E 
 <	
 (& ?	
 ! *	
 D	
 I +E
 (	
 	
 D$!	

+! @ E! ?4 "! % D	
 2 <	
 !E!	
 & #	
  . Q 	
	
 	
 ! 3! D! (	
 D$ !	
 9# 	
 :E 4. !2  . 
 	
 :E 2
4 1! D (	
 D		
 2F W! G2 ! I	
 ;" 
-" 
 1 * !	 !! .
 K =!  !	
 D1 
 D *
(		
 
2	
 !:  
:  	
 ?2 !.  
?:  b
)!	  
:   ..
)!	 K @ *2 @  
?  : b	!2@
  *& & @  *2 @  
:  ]!! [ 	!2@
..  
  
172
 
 # !- 1)Fuys, Geddes & Tischler, 1988 ( &!	
 2
!	
 :)- I  D
>! &F < *- & D! ! -)	
 C& 1 *&
 4. + (& 4@
 <&  - & G2)1986 (  ) G2
 ) ! *(  41  $!  H.	
 !  - 4@
)Hoffer, 
1983 ( (&  !)Fuys, Geddes & Tischler, 1988: 185 ( - 4@
 
* ;! * ! 	
  /	)  
)!	  . #2	
 G2,
 D  	
 ;	
 # ! 	 !	 .!	
 W
!	
  9# -)	
 C& D
!	
  <
 ! f , *D	
 9f	 < W
! (& 	
 & 2 ; (EF
<E D1 (& C	
  	
 ; 	
 <1 .)Bransford, Brown, & 
Cocking, 1999(  
 	
 W! 	
 D$ !	
 9# -)	
 C& &!	
 2$! D!  	 
 <& ! (-  t $. ! 	
 ; K	
 	 (& 4. 	

 G2	
 !  
	
 K!)W
	
 4	
  .( 4& 	
 :)- & G2
 - 1
!  	 ! K  *	
 	 -)	
 C& &!	
 1
!	
%.<	
 :)- (		
 
2	
  :  
?:  b%	 "$ 3f
! 	
  D1 K  
:   @ W! I	 - )F *@ (	 D1 *! (- - +$  /	%
! .
f	
  /	% #G#! I	 + D!& * .  /	%  ; 
 3f
!  !  K2! +  1 + D 
 (, "$,

!  !   - /	% 
)	 '"$ . * (	 D1 !
 - .,
 
>	
 /	% 
)	 '"$ 3f
!  ! !F + D1
 ! *!1 :
f"$ 3f
! + D1 *@ (E.  
  
173
 D! )	
 	
 	 ,
 ; K	 .! ! 2$! D! /	)
(- !,
 :)- - * !  : <4 /$!
 *	
 ; (	
  34	
 K	

l	 ! ! -)3 * ; K	 I% *! H4.  *!  !
 
3 ) :.,
 ,
 ; K	
 (& (,
 	
 - G#!	
 $#!( 9 *
 ;	
  3 <F 	2! #! ,
 ; K	
 (& 4. C"+4 " D) !
 D		
 2F) :)- ! W
	
 4	
 (& ,
 ; K	 4.	
 	
 

	
.( 
 ! 	
 !    ! -
   l	 -) 
4
 !	
  ?	
 #! (& ,
) !
	
 ! 
 (& g!	
 !	
  
(	
 	
 ; <#>!	
 .( ( ,
 ; & 9# 1	
 2 
  &
	 -)	
 +4 W! 	
 9$.  
  

M g!	
 !	
  )(!	
 ?	
( –(	
 W	
 ; ! < :  
 (!	
 : !!	
 	 (	
 	
 2 D
 E @ + O24
 !!	
 &!  E
! D! (	
 D
	
 ! R + @F *	
) ! 9

#  !.	
 1 (! (& 9
 K (& ( ? (- *& L 	
 "
 	
 (& 	
)Mayberry, 1983; Fuys, Geddes & Tischler, 1988 .(
 -) <4 C. <2! ! ; 4  	
 9# !  (	
 ,&
,
 2   . !	
 "$,
 3f
! G#!	
   *$#! !	

  
174
 (		 	L <2! <4)?	:(          @ !!	
  ! *
 ; 	
 ! 4  G2 *	
 ! 9# ! !  !.
 (	
 !	  	
 I	 	
 <-!)Prevost, 1985  .(  
	
 "! ! ! !!	
 D
1 2 ! !!	
 2 C_  & *) @
D	
 _ ( + .@
  ; 
	
 C &  (	
 I
!	
 2F (&
 
! & *!!	 ,
 :)- 9F  	 	L_2 !  . D!1 
 D 1
 	
 (		
 	
 	
 <
f ) v 	
 1 *.N ( 2
  *	
 -2 D@E!  (& D	
 (& !-!	
 9.,

5
2 !!	
 
  )39.1 (% ##   G2 *K2!	
 + ; 
& 	)35.2 (% 3f
! 
K2! + - "$,
.  
 	 E !!	
 <  ! (& +2$! D! ! WE!	
 !, I	
 1 ! 9
 I
!	
 (& D$ !	
 (	
 .@
 C 9# 	
 I
!	

	
  !!	
  I
!	
 3!  .  
  
?  (g!	
: (!	
 g!	
   )!	 &0 ( ?
 (& !- 
4!
!	
 -!	
 	
 ;  (& 	
 !!	
 ! G2 *!f$	
 D

	
  (& +F ; ! *g!	
 
)- . 	
 ; K	
 (& ?		
 
 g!	 W H2 $. ! * (#	
 K4	
 ;2 (,
 ,
 K4	
 !

!	
 W! ! g!	
  O *(	
 	
 (& ,
 -!	
 W
	
 D$2	
 *,
 #$# 	
 *!	
 	.  
  
175
 K4	
 (& !
.
 J !	
 ,
 ! !E! g!	
   !
 #!,
 D!	
 
.
 *	
 ! 
! 
.
 C ( H1 #! *!	


,
 ?	  .-!	
 :)- K
- ! : 	
 -!	
 ,
 ; K	

(
 @
 	
 ! * D1$	
 /
F *,
.  
?M1  ((	
 	
 g! 2 ; D2$!: ;	
 	 G2	
 1  

 ;2 ,
 K4	
 ! (	
 D	
 g! (& 	
 D
2 !#	

f G$# ! *,
 ,
   (	
 (,
)  :1 ( 	
    -
 *:E
  ! ! #%/ b	 	.! #!    )2 ( D24  (- !
 b2
	
 K4	 2
	
 4	
 (& D	
 g! ! 	
 D
2)3 ( - !

 (& 	
 <2 ? E	
 H.  bg!	5M2D!!	
 :)- :  
 E	
5M2 :(	
 	
 g! ; <  
)	 
 !%* % +" + ,
 +" - ./0 - $ 1
2% 
 - 
 "3 3
	 
 4# 1 "#
5! 
 "# 6"3 7!
4# 8 
 ,
)9fE	
1(  15% 4) <.,
( 
 (#	
)9fE	
1(  15% 5) <.,
( 
 G	#	
) g1(  12% 5) <.,
( 
 W
	
)g1(   17% 5) <.,
( 
 I!.	
) g1(   35% 3) <.,
 1( 
 I	
) g1(   28% 3) <.,
 1( 
 I	
) g2(   30% ;	,
 
 W	
) g2(   39% ;	,
 
	
 !#) g1(   60% 2) <.,
( 
  
176

  E	
 ! O( ! #% 	
   @
  ).% g!	
 
,
 ,
 ; 	
 K ( 	 	.! #!    *:E
  !  .
	
 ! K 
E K	
 ! $& *	
 
)- ? g!	
  !	 :)- W! !!
 	 	
 K	
 ; &   4. 
	
 K4	
 .
 -!	

	
 (& 	
 . K4	
 
f
 ! 	 	
 -!	
 !-
 
(,
 !#	
 (& G2 ! +E D!  G2 ?	
  !M,
 9fE	
 .  
 >!	
 !   	 *#  !! <4 g!	
 
	 E2 /- 
 2 	 g!	
 ! 	
   . E	
 ! 	 5M2 ; -!	
 # 
 	
 DE) !!	
 ! ( (& 	
 <2 W  ! 	
 :E
(!	
 ?	
  .  
  
?M2  ( (& 	
- & g)! (	
 g!	
: g!  "f  
(		 !#	
 I	
 4	
 (& - & D! ; (	
 	
 :  
 E	
5M3 : (	
 g!	
 (& - & D! ?2 ,
 Wf	 !	
 ?	

) *2003 : H125(  
- & D! I	
 K4	
 !#	
 K4	
 
0 12.5% 0% 
1 50% 34.3% 
2 37.5% 34.3% 
3 0% 31.4% 
  
	
 ?2) *2003( I	
 4	
   C& E @ *
 W! 	
 :)-  ! *- & ?2 ,
 Wf (& W	
 !#	
 *W	

  
177
2	
 
	
 (& 	 4	
  (	
 	
  g!	
   <E	
 O 	
(	
 	
 .  
 2! 1$ 2 <# 2! D
 E @)-! ( 	
 g!
 *- & g)! W! (	
 ! (	
 g!	
 2! ;	
 	 G2	
 1
- !  E  ! < ,
 2!	 (& (	
 g!	
 
 !	
 ! W  ,
 2!	
0  1) (,
M(2	
 *34	
 .( :)-
 
 +E ! W! C&
 E	
) *2003 ( g!	
 (& ,
 Wf 2
;	,
 !.	
 K4	 (	
 . 	 (	
 4	
 J @
  ).,
 W! 
)-
 @ )F '.N ;	
 ! !  $	 !	
 2
!	  !	
 / #! g!	
 !
!	
 ! 4. 
E ? (	
 2
!	
 :)- g!	
 & . DE) *2003 (
 *g!	
 (& D!	
   D@ 
 /-  !  &  E @
@
 ; ?		
.w ! !   .  
   
!.M  	
 ;	
 <	
:  
 ! D "! -
 - 	
 "! (& f,
 !	
 	
 #	
 E	
)Backe-Neuwald, 1997 .( 3 @ "! +!-  ;!
.,
 D	
 W
! !- . - I\ (	
 D	
 -! !& (&
"
 L  <f!	
 :)- ; > & . (& 	
 "!  - 4 !	

 -!	
 W!E) 	 D (	
 / 3 *4!	
 *,
 *	
 (
 9# (!	
 D	
 ? ! <.,
 <2	
  .,
 4	
 < 2
  
178
!	
 (& D	
 ( I	
 K4	
 !  (& (#	
 9fE	
 !- (	
 g
 E	
 (& ! W	
5M2 D9E G2;	,
 <2	
 (& 	
   .  
#	
  	
 - !!	 C :	  C *E *
N . (&
 
)Backe-Neuwald, 1997 ( D!128(& !!	
 9
N 2 !!  I 
 C&
 *,
 I
!	
 (& 	
80 % 	
 I  ; !!	
 !
+-E  !! "! . D
!	
 ?2	
 < ? !-0
 
)- 
 1
	
 I	 &	
 &!	
 !	
 /$!
  *g!	
 = *2	
 .  
!	
 <
0
 +E  ! 	
  ; #> 	
  ) ; W	
-L( K4 *Backe-Neuwald
 (&  M:$M3! & < D K  
!	 ?% / ! *
	
 D
!
 & D  (	
 I
!	
 D
! :
"	
 !/! W    @ . 	
 @F I^\ @ 2   2 
)- ! 
"!	
 ."!	
 J 	  !-@
 " :b	
 ! W& 3	
 ! *
$ ! "!	
 
)- ."  
 (& .$	 +  9# 	
 I
!	
 (& G2	
 &4 DE	
 :)-
  ! 	
  !!	
  I
!	
 3! 1 ! 9
 I
!	
:$ +	  . 2
 * !	 	 .
   *1 !	
" 	 '	
 L .N ! D.
 	
 !	  EF 	
 !  ."  
  
179
 2 #2	
 ! :L - & 9
y )	
 *	
 (& *3	
 !
E		
 	
  !	 +
  (	
 	
 D
.	
 I	 !F *(
 	
  ! (	
 !	
 !	
)Wirzup, 1976; Usiskin, 1982; Fuys, 
Geddes, & Tischler, 1988; Teppo, 1991.(  
 
"7'،ab"א'
)אc)א%$
64T	R!א!)	<[3א7![
?'d+?7P"&W)אאXeא)"א'<[3אאf*g" 
)Van Hiele, 1999(  
  
" 3:  
 :)  3)	
 	
 2	
 ; %	
 ! @ *
	
 D4 ;	
 .	
 1
 <f ; !	
 +2 < 	2	
 
	
 (& .!	
 (	
 .@
 ;
+# !! .  
	
 D	 3	
 !   - &  I! (	
 @	
 J ;	
 
D!	
 4
 4. D!	
    . E  ;	
  @	
  
 4.	
 :)-)Burger & Shaughnessy, 1986( 	2	
 
	
  D	 1 *
/	) ; .  
2! - & D! ! I!.	
 !	
  ! #2	
 J 	 / 
 +1 ! @  E! L + !F &)Usiskin, 1982 ( H. E ;	
 E2 
+ 	.  
  
180
 *!!	
 	 (	
 	
 I  1 (	
 <
,
 	
 I! 
  
+% KP4 ( <!	 ;41,
 2	
 !	
 ?  3	
 ! - 1 (- 
$#! b<!	
 :)- /! : +! W!E (& !	
 ?		
 K  3	
 ! -
 & )	
 	
  
)! 
>	
 ;  b!	
 K % KP4 ( +-E

 K b.! D1 (&  K	
 (& 2 . 	   ,

  b
 K4 ! (- (	
 	
 D! ! ! 3 ?
  
 !process (   <!  <. ?
 ;	
 & g2 ?		
  ! 
/
)  !	
 
)- C 2 +% KP4.  
.@
 O24 ; 
 D!	
 !- 4. (- !.   . )F
 ! C 2    ; K	
  ;	
 3> .N ! C 2 1 !
4.	
 :)- 
  2 @ )	
 	
  . ; 224 DEF G$#  
  !
 8  W! !. ! 1,
 : 
 ! - b224	
 E0
  
)!
! bf	
 I 	 #!! !  ! !.	
 ,
 R @ !	
 :)-  
D$ !	
 $. ! f ! D!	
  2E% )	
 	
.  
 !1 - &  <1 !   @ D2$!	
 :)-  ;	
 +	
 ! @
) ! *+2 (& (&	
 20
 4. 	
 ! 	
 D& (	
 	
 D

	
 ! 	
D) $#! :Usiskin, 1982; Senk, 1989; Mayberry, 1983 ( 
 - &  <1	
 	
  K K4 ;.  
  
181
 *
	
 -#   1 (- (- *	
  1$ 	  1$
 !	
 ?	
 (& !   *	
 ,
  	 H.	
  
 .   # *	 ,
 ! 
 (& 4! 	
 ,
   2&
	 F ? 3)	
 !,
 *	 H.	
 1$   2@ !E .$#! :  
!	
   <&  *	
 ?		
  
 (& 4! % !	
 W!	
 W
!	
 ! 4. 	2 + ; . :)- 2  (& ! 	
 ! @ -
	0
 :?		
 D  ! ! 	
 ,
  ! K +& (& 
 D1$	
 ,
 ;b  
	
 - ! 	 2 <.  ?		
 ! ?	
 	
 9.F &  (	
  
 t $. ! + K	
 . (- 	
 :)- !.
 
	
 K! <&

	
 (& G2	
D *?	
 $. ! 	
  !F 2 	
 -  
! 	
 C 9# <f	
 # , 	 2  
 ! * . ! @
 < ;	
 - <0
  G2 *!1 D
 (& !
.
 	
 :)- 

	
 :)	 !	
 D
fE0
 2 	
 :)-.  
  
  
182
	:  
 *	
 "! (& 	
 	 	
 K	
 
	
 :)- ! O
g!	
 !	
 !- ?,
 ! 	 /	) f ! .!2 4 @ ( L 
 E *"!	
 
)- (& !	
 &! ; K	
 ! @ '! L  !
	 + C */	)	 +-% . 3)	
 	
 g! 2! H2& ! @ !
	
 "!	 +    + .( ! 
	
 :)- (4 :  
  
@M  	
  4 ;!:  
1. $. ! ,
 l	 	
 & C!:  
•  3 	
 	 !   *:E
  ! ! #% ,
 ,
  

	
 (& +	  3)	
. 
• C!  ,
 ; 	
 K ( 	.!	
 #!,
  .  
2.  m 44. ,
 D ; %	
 ,
 ; K	
 (& (E!
	 (	
 	
 	. 
3.  :)- (&  ! 	
 	 	   2 ! H.  !	
 _

	
.   ; +!  *:E
 ! ! #% +!  ; !	
 ?E
!	
   *!	
 ; #! W!	
 J *D! 3f
! ; #! 
&0 *"$,
!	 	.!	
 #!,
   ;	
  . 
4.    D

2 ? D$! (& 
.
  	
 	
 =	 
9
N. 
  
183
5.   D,
 E
! !   & *	
 I	 C!  !!	
 -%
 2 - 	
 (& !!	
 9
 K 	
  K (& 	
 ?,

(	
 .   	
 2! 4 ; 9
 44.! D
   ?E 
)	
- &  ;	
 @ 	
 (& 	
  K *	
 I. 
  
#M D
	
 4 ;:  
 Df (	
 D4	
  D2
1@
 ! 	
 /- !  	
 ! 9

D4	
 :)- ! *D,
 E
!: 
1. !!	
 	 (	
 	
 I1.  
2.  *- & g)! ?2 2 (	
 	
 g! (& 	
 -!	
 W
 
 *
	
 :)-  W! 	
  ! *(	
 	
 	 !$! !
	
 ()2001 ( )2003.(  
3.  	
  ;  C! K	 D$ !	
 
. 
	
 :)- (4 !
 
	
 (4& '	
 < D	
 ! *	
 1 D	 4. (	

 (	
 	 - & .
 
.)Usiskin; 1982 ( + D$ W!
# !! !	 !.	
 ,
 
.
  *!.	
 # 	
f0 * D
 ;4 ! <.,
Usiskin(	0
 	
  +! G2	
 4
 $.  .
 #2	
 . @
 3	
 !)Gutiérrez, Jaime & Fortuny, 
1991 ((	
 	
 I1 (&.  
 187
   	
 
)References:(  
 
Ahuja, O. P. (1996). An invistigation in the geometric understanding 
among elementary preservice teachers. <Available at 
http://www.aara.edu.au/96pap/ahujo96.485, retrieved 2/10/2004> 
Backe-Neuwald, D. (1999). Teaching Geometry in Elementary 
Schools – results of the evaluation of an inquiry on teachers and 
teaching post candidates. In E. Cohors-Fresenborg, H. Maier, K. 
Reiss, G. Toerner, H. Weigand (eds.), Selected Papers from the 
Annual Conference of Didactics of Mathematics 1997, (1-16). 
Osnabrueck. <Available at: http://www.fmd.uni-
osnabrueck.de/ebooks/gdm/PapersPdf1997/Backe-Neuwald.pdf,  
retrieved 30/1/2003 and 10/12/2004> 
 
Ball, D. L., Lubienski, S., & Mewborn, D. (2001). Research on 
teaching mathematics: The unsolved problem of teachers’ 
mathematical knowledge. In V. Richardson (Ed.), Handbook of 
research on teaching, 4th ed. (pp. 433-456). New York: 
Macmillan. 
Baroody, A. J., (1993). Fostering the mathematical learning of young 
children. In Bernarrd Spodek (Ed.), Handbook of research on the 
education of young children (pp. 151-175). New York: 
Macmillan Publishing Company. 
Battista, M. T. (2002). Learning geometry in a dynamic computer 
environment. Teaching Children Mathematics, 8(6), 333-343. 
 188
Battista, M. T., & Clements, D. H. (1988). A case for a logo-based 
elementary school geometry curriculum. Arithmetic Teacher, 36, 
11-17. 
Battista, M. T., & Clements, D. H. (1990). Constructing geometric 
concepts in logo. Arithmetic Teacher, 38(3), 11-17. 
Battista, M. T., & Clements, D. H. (1995). Geometry and proof. 
Mathematics Teacher, 88(1), 48-54. 
Battista, M. T., Clements, D. H., Arnoff, J., Battista, K., & Borrow, C. 
V. A. (1998). Students' spatial structuring of 2D arrays of 
squares. Journal for Research in Mathematics Education, 29, 
503-532. 
Binomial distribution. Retrieved in 28/12/2004 from: 
http://www.stat.wmich.edu/s216/binom/binom.html, also at: 
http://www.stat.wvu.edu/SRS/Modules/Binomial/binomial.html, 
retrieved 20/9/2004. 
Bransford, J. D.; Brown, A. L.; Cocking, R. R. (1999, eds.). How 
people learn: Brain, mind, experience, and school. Washington, 
D. C.: National Academy Press. 
Burger, W., & Shaughnessy, J. M. (1986). Characterizing the van 
Hiele levels of development in geometry. Journal for Research in 
Mathematics Education, 17(1), 31-48. 
Carmines, E. G. & Zeller, R. A. (1981). Reiability and validity 
assessment. Sage University Paper series on Quantitaive 
Application in the Social Sciences, series no. 07-017. Beverly 
Hills and London: Sage Publication. 
 189
Carroll, W. M. (1998). Geometric knowledge of middle school 
students in a reform-based mathematics curriculum. School 
Science and Mathematics, 98(4), 188-197 
Choi-Koh, S. S. (1999). A student’s learning of geometry using the 
computer. The Journal of Educational Research, 92(5), 301-311. 
Clements, D. H. (1995). Playing with computers, playing with ideas. 
Education Philosophy Review, 7(2), 203-207. 
Clements, D. H. (1998). Geometric and spatial thinking in young 
children. (ERIC Document Reproduction Service No. ED. 
436232) 
Clements, D. H. (1999). The effective use of computers with young 
children. In J. V. Copley (Ed.), Mathematics in the Early Years. 
Reston, VA: National Council of Teachers of Mathematics (pp. 
119-128).  
Clements, D. H., & Battista, M. T. (1992). Geometry and spatial 
reasoning. In D. A. Grouws (Ed.), Handbook of research on 
mathematics teaching and learning (pp. 420-464). New York: 
Macmillan. 
Clements, D. H., & Sarama, J. (2000). The earliest geometry. 
Teaching Children Mathematics, 7(2), 82-86. 
Clements, D. H., & Sarama, J. (2002). The role of technology in early 
childhood learning. Teaching Children Mathematics, 8 (6), 340-
343. 
Clements, D. H., Battista, M. T., Sarama, J., & Swaminathan, S. 
(1997). Development of students' spatial thinking in a unit on 
 190
geometric mothinos and area. The Elementary School Journal, 
98(2), 171-186. 
Clements, D. H., Swaminathan, S., Hannibal, M. A. Z., & Sarama, J. 
(1999). Young Children’s Concepts of Shape. Journal for 
Research in Mathematics Education, 30(2), 192-212. 
Crowley, M. L. (1987). The van Hiele model of the development of 
geometric thought. In M. M. Lindquist & A. Schulte (Eds). 
Learning and teaching geometry, K-12. 1987 Yearbook of the 
National Council of Teachers of Mathematics (pp. 17-31). 
Reston, VA: NCTM.  
Crowley, M. L. (1990). Criterion-referenced reliability indices 
associated with the van Hiele Geometry Test. Journal for 
Research in Mathematics Education, 21(3), 238-241. 
Fennema, E. & Carpenter, T. P. (1981). Sex-related differences in 
mathematics: Results from national assessment. Mathematics 
Teacher, (October), 554-559. 
Fennema, E. & Franke M. L. (1992). Teachers' Knowledge and Its 
Impact. In D. A. Grouws (Ed.), Handbook of research on 
mathematics teaching and learning (pp. 147-163). New York: 
Macmillan. 
Fuys, D. (1985). Van Hiele levels of thinking in geometry. Education 
and Urban Society, 17(4), 447-462. 
Fuys, D., Geddes, D., & Tischler R. (1988). The van Hiele model of 
thinking in geometry among adolescents. Journal for Research in 
Mathematics Education Monograph Series, No. 3, Reston, VA: 
National Council of Teachers of Mathematics.  
 191
Giannakopoulou, A. (without date). Prototype theory: An evaluation. 
<Available at: www.strath.ac.uk/ecloga/Giannakopoulou.htm> 
Gravemeijer, K. P. (1998). From a different perspective: Building on 
students’ informal knowledge. In R. Lehrer & D. Chazan (Eds.), 
Designing learning environments for developing understanding 
of geometry and space (pp. 45-66). Mahwah, NJ: Lawrence 
Erlbaum Associates. 
Gutiérrez, A. & Jaime, A. (1994). A model of test design to assess the 
van Hiele levels. Proceedings of the 18th PME conference 
(Lisboa), 3, pp. 41-48. 
Gutiérrez, A. & Jaime, A. (1998). On the assessment of the van Hiele 
levels of reasoning. Focus on Learning Problems in 
Mathematics, 20(2&3), 27-46. 
Gutiérrez, A., Jaime, A. & Fortuny, J. (1991). An alternative paradigm 
to evaluate the acquesition of the van Hiele levels. Journal for 
Research in Mathematics Education, 22(3), 237-251. 
Hashweh, M. Z. (1986). Toward an explanation of conceptual change. 
European Journal of Scienece Education, 8(3), 229-249 
Hill, C. H. & Ball, D. L. (2004). Learning mathematics for teaching: 
Results from California’s Mathematics Professional Development 
Institute. Journal for Research in Mathematics Education, 35(5), 
330-351. 
Hoffer, A. (1981). Geometry is more than proof. Mathematics 
Teacher, 74 (1), 11-18. 
Holloway, G. E. T. (1967). An introduction to the child’s conception 
of geometry. London: Routled and Kegan Paul. 
 192
Hoyles, C., Foxman, D., & Küchemann, D. (2002). A comparative 
study of geometry curricula. London: Qualifications and 
Curriculum Authority. 
http://www.sis.pitt.edu/~mbsclass/hall_of_fame/rosch.htm 
Jones, K. (1998).  Theoretical frameworks for the learning of 
geometrical reasoning. <Available at 
http://www.soton.ac.ul/~dkj/bsrlmgeom/reports/K_Jones_Jan_Fe
b_1998.pdf> 
Jones, K., Bills, C. (1998).  Visualization, imagery and the 
development of geometrical reasoning. <Available at 
http://www.soton.ac.ul/~dkj/bsrlmgeom/reports/K_Jones_et_al_J
une_1998.pdf> 
King, L. C. C. (2001). Assessing the effect of an instructional 
intervention on the geometric understanding of learners in a 
South African primary school. <Available at: 
http://www.aare.edu.au/01pap/kino1220.htm, retrieved 3/10/04> 
Kouba, V. L., Brown, C. A., Carpenter, T. P., Lindquist, M. M., 
Silver, E. A., & Swafford, J. O. (1988). Results of the fourth 
NAEP assessment of mathematics: Measurement, geometry, data 
interpretation, attitudes, and other topics. Arithmetic Teacher, 
(May), 10-16. 
Mayberry, J. (1983). The van Hiele levels of geometric thought in 
undergraduate preservice teachers. Journal for Research in 
Mathematics Education, 14(1), 58-69. 
Mistretta, R. M. (2000). Enhancing geometric reasoning. Adolescence, 
35(138), 365-379 
 193
National Association for the Education of Young Children 
(NAEYC)/National Council of Teachers of Early Childhood 
Mathematics (NCTM), (2002). Promoting Good Beginnings.  
<Available at: 
www.naeyc.org/resources/position_statements/psmath.html, 
retrieved 7/8/2004> 
National Council of Teachers of Mathematics. (2000). Geometry 
Standards for Grades Pre-K - 2. Available at 
<http://standards.nctm.org/document/chapter4/geom.htm, 
retrieved 30/4/2003, 13/5/2003, 16/9/2004> 
Pandiscio, E. & Orton, R. E. (1998). Geometry and metacognition: An 
analysis of Piaget’s and van Hiele’s perspectives. Focus on 
Learning Problems in Mathematics, 20(2&3), 78-87. 
Papert, S. (1998). Child power: Keys to the new learning of the digital 
century. 
<Available at: http://www.papert.org/articles/Childpower.html, 
retrieved 17/5/2003> 
Papert, S. (1999). Papert on Piaget. <Available at: 
http://www.papert.org/articles/Papertonpiaget.html, retrieved 
19/6/2003> 
Pennington, E. & Faux, G. (1999). There is no royal road to 
Geometry. Teachers' Resource Book. USA 
Piaget, J., & Inhelder, B. (1967). The child’s conception of space (F. J. 
Langdon & J. L. Lunzer, Trans.). New York: W. W. Norton. 
Prevost, F. (1985). Geometry in the junior high school. Mathematics 
Teacher, (September), 411-418. 
 194
Pusey, E. L. (2003). The Van Hiele model of reasoning in geometry: 
A literature review. Unpublished master’s of mathematics 
education paper, North Carolina State University. 
Schell, V. (1998).  Introduction to the special issue: Elements of 
geometry in the learning of mathematics. Focus on Learning 
Problems in Mathematics, 20(2&3), 1-3. 
Senk, S. L. (1989). Van Hiele levels and achievement in writing 
geometry proofs. Journal for Research in Mathematics 
Education, 20(3), 309-321. 
Shaughnessy, J. M., & Burger, W. F. (1985). Spadework prior to 
deduction in geometry. Mathematics Teacher, 16, 419-428. 
Spitler, M. E. (2003). A preschooler’s understanding of “triangle”: A 
case study. <Available at: 
http://www.gse.buffalo.edu/org/buildingblocks/writings/Triangle
_Case_Study.pdf, retrieved 11/3/2004> 
Teppo, A. (1991). Van Hiele levels of geometric thought revisited. 
Mathematics Teacher, (March), 210-221. 
Usiskin, Z. (1982). Van Hiele levels and achievement in secondary 
school geometry (Final report of the Cognitive Development and 
Achievement in Secondary School Geometry Project). Chicago: 
University of Chicago, Department of Education. (ERIC 
Document Reproduction Service No. ED 220 288) 
Usiskin, Z. & Senk, S. (1990). Evaluating a Test van Hiele levels: A 
response to Crowley and Wilson. Journal for Research in 
Mathematics Education, 21(3), 242-245. 
 195
Van Hiele, P. (1999). Developing geometric thinking through 
activities that begin with play. Teaching Children Mathematics, 
5(6), 310-316. 
Whitman, N. C., Nohda, N., Lai, M. K., Hashimoto, Y., Iijima, Y., 
Isoda, M., & Hoffer, A. (1997). Mathematics education: A cross-
cultural study. Peabody Journal of Education, 72(1), 215-232. 
Wilson, M. (1990). Measuring a van Hiele geometry sequence: A 
reanalysis. Journal for Research in Mathematics Education, 
21(3), 230-237. 
Wirzup, I. (1976). Breakthroughs in the psychology of learning and 
teaching geometry. In J. Martin (Ed.), Space and geometry: 
Papers from a research workshop (pp. 75-97). Columbus, ohio: 
ERICK/SMEAC. 
Wittrock, M. (1986).  Students’ thought processes. In M. Wittrock 
(Ed.), Handbook of research on teaching, 3rd ed., (pp. 297-314). 
New York: Macmillan.  
Yusuf, M. M. (1994). Cognition of fundamental concepts in geometry. 
Journal of Educational Computing Research, 10(4), 349-371. 
 
 184
:  
  
	
   :  
   
  	
    
	  	 	 )  
	
 .(!"	 # $%& '() .*# :, '*,- $	- .	.  
 /* 0)1995 .(!"	 1	- # 2 30 '&- : $4, 
( $** 	 50- $	 . $	- $*9)36( 1936
219.  
 4 	0)2003 .( $7* # $- $*0	 !"	 # $8 98
( # !- : 0	  $, $	, . $	- $*69 
816119.  
	 	( .
0 ; )1991 .( * -, '*,  '*, *, - 	<
'()	- $-	- . 	=
  3	 0	  #)		0-(  >%
*) '*,-* ? 	-@) A A :2656286 .( $,'0 ! : !
'0.  
 185
    $5&)1998 .( $% '&- 	<" " '() C, 1	-
 50- 8 	7)- !- # ? < ;5 ! $8
$8 # .!	/ $	- '*,25)2( 4016416.  
 '	 '*)1985 .($#	, 7- '* : -":" .!	 : EF 8,
	,.  
 ; )2001 .( 8 	7)- !- 	
, ;5 $* 3-7 $	
$8 (	 $-7 * '8-	= :-4 . .	
 	 	- $	
*# 1= $,.  
 !,* .	5)2002 .( *, $? $*0	 $* G 8 	7)- !-
 8-4 H	 $I#0 #!"	 # 50- 1 . '*, $	41 
)2( 39647.  
 # , ) 7)1991 .( $	, $* " # 50- $	
 $)"   $= # %-J 1 >	 )5* !"	
 $	)'0 ! 1= K '	 .(*# 1= :	- $@.  
'*,- $	- .	/ '=- 1= 7	)1998( . !"	 # 50- G-
  $? $*0	 $8 $* G)? 1 ;5 ( *# #
"? 		=-" .*# K '	.  
 186
'*,- $	- .	/ '=- 1= 7	)2000  .($	  $* 50- G-
	, $* # *# # ? >	 ;5 ',* '*, !"	 $
 	1998/1999" ? 		=-" .*# K '	.  
'*,- $	- .	/ '=- 1= 7	)20003  .($	  $* 50- G-
 ',* '*, !"	 $	, $* # *# # ? 	
, ;5
 	1998/1999 . '	*# K.  
 , '*,- $	- .	)2004 .( ,*  	- %50F 3-7
 	2002/2003 – 2003/2004 '	 )8 .(K '	6*#.  
, '*,- $	- .	 .  ;)5* *) !"	 M8 $	 3-7
? 	
, -0 ?8 7 $, 	&N 30 $.  
 	<7 )2003 .( # *) $8 M8 1	- ;( 3	- G
  ;)5)1612 ($8 '*,- '*,- $ $7 	,  . $	
*# !	 $, .	
 	 	-.  
  
196
  
  
  
 
   1 – 
  /      
  
   2  !"     #$   
  
   3  #"  :&'(   
  
   4 –) * + #$, *- ./ #0 1#'  
  
197
 	
 1  
 
     
  
 )Wirzup, 1976 (   
  4 0 -) 
! (  !'#  5 #- 6 / 7# ' . 8 . - ,(
 8 '  
 6: 1;<   - . = ,
> < ?# 5 Hans Freudenthal  @ ./ A<- ? 
 #-  # B@ 1,  '   &C 1 D.  
 EF # !'>   G'   1$ $- 
)1957 ( 8'  @  &5-Utrecht  .   HF  
 #" 8  6 "  8 /F  "  - B
)Didactics in geometry( 6  1F 8 J8 5,  B
# .  KF # #  B4 1# @  8#  1
0 G",  .  
 / 1959 8#  # <  "0  ) "The Thought 
of the Child and Geometry( A4 1 $  L B 0 
   )Wirzup, 1976 .(  )Pyshkalo, 1968 (   
  
198
)Fuys, Geddes, & Tischler, 1988 (" ./   
 1 E' 
    1 6-.  
 +' =J5 'aspects B    -   :  1
 $M N  ", B1 O*4$ B$)Usiskin, 1982.(  
  
   
   !:  
   '> . ##)1958 (   )Fuys, Geddes, & Tischler, 
1988; Wirzup, 1976 ( 4 P / 8 -discontinuous Q - 
 1>jumps 1 ' 8 ? : D8 .  levels  . -# R
 1   wholistic thinking) &>': /  ST# ( G
  #analytical thinking F 
, . G,4 B 
)4 (rigorous mathematical deduction  . 1 5#  8 =#
  A4 - ,( B 1 R  /- ./ 8  :Wirzup, 
1976; Hoffer, 1981; Usiskin, 1982; Burger & Shaughnessy, 1986; 
Crowley, 1987; Fuys, Geddes, & Tischler, 1988; Battista, & 
Clements, 1995 – 1 R :  
  
N 0  : ?4#Visual   ) -Recognition  
 8 ! 4" +0 ./ A8 ./ 8 <-8   
) @4# (4 - <: &>'- . ,  1J8 . , B
 < 1 # . +# !#< 0 GJ5) ! : 64  HJF- 
4>   .( A8 ./ N   +0 <: BE# 
 B0<: # 1J8 A8 , ! DP  .5 : - A8 ,
  
199
 +0 ## <: R DHJF- ?>  8 - B0  E#
4 <-  .   
 N1  : Analysis  
1 R # 1J/ &## -# B<: 1 U  +0 -# B
O*4$ A< / /' G/ &<:  /) $ B6 B0
<- - 1#<.( ./ A8  +0   O*4$ R  
<: .  <: +8 =bearer A8 = B4*4$  - 
4*4$ J$  <: ./ +0 .5 :( 0 <  8#- ! 
 #" 8F  B R0 B* > . R V BQ E
 0 # +0 0# , ( DS8# F8# E 0# P O*4$
  -  / 4$ ./  W# !J P HJF: ?>
 X , B #" 8FHJF- ?>  0 -.  
 N2  : +Orderin   / 1J8Relationships/  P 
,  
  N   #0 -# 0#O*4$//" )# N  ( 
 <: #  < . R "0 +# +0 " =
  O*4$ . 4 ( B<:  /' #  <
N$- 4$ 0# 4$ .  BN   A8  Q 
18 J$  O*4$ <: # "0 0#  . , +0 - ,(
 
, .8  - QJ ./  P >Deduction D 
,
 "0logical conclusion8 
 @/# = .  > , 
   ./  P B' # G"0 0# ./  P +0
 1#axioms#  E0 , #   .5 : E# 0 
HJF- ?>.  
  
200
 N3  : 
, Deduction  
 - +0 Q
,) # (  1 0 < 
 +  B1 18 1#    J$ 
'  # "0 1J8  B# "0.  
U  BN   B+0 -#  &# $ 0  .5 :
 #" 8F  ! /# < !W# HJF: ?> A8 +0 
> .$C A8 &# !   : ! /# < !W# HJF: ?>
>  #" 8F.  
 N4  : 4 #Rigor - Axiomatic:  
 B6 ?  . ,  ' ./ @"  +0 +
 E0 R "  B$ F - # 1 <
: (J    = ) 8 8 #0.(5  : 
 - &<:  8 E 8 Y "0" "points ?- E 8 B
  /'"0" " Y"< "figure B.  
 6$ . 5 1 #    1)1 4 ( G8# :
  8 4#, B   4#, B  B 
 )van Hiele-Geldof, 1957    Usiskin, 1982.(  
  /   KF-1959 1 R - >  1J$ J$ 
   &<:objects of thoughts .  B  &<:  B5
 N0  <:  B)GJ5 E# B/ A8 .(  N1 " 
 4*4$ A< <: R A4# +0) E#4 BHJF- 4 B* > 
  
201
 B HJF: .(.. N 2 B  &<:  O*4$ R K#4 B
G"0 ## +0 " = . N 3   # 1J8 K#4 B
  B..  
   
#  ! $%&' :  
 > / 1   O*4$ @8# )Usiskin, 1982(:  
 4$1   : ) 1#5  -fixed sequence(  
 . ", +0  ,N8  )n ( ! # N#  
)n-1.(  
 4$2   :' )adjacency(  
 F   intrinsic/implicit K#4 B#  N  
 G4extrinsic/explicit N   . A8  +0 - .8#
 8  B N   - 8 , ! BO*4$ S8# ./
 N  / #8 ./ G K#4 .5 :  B: N 
   N   +0  B4*4$ J$  <: A8
5 N  ,( / A8 - O*4$ R Q ,) .Wirzup, 
1976(  
 4$3   :> ) > -distinction(  
4$ R> B4$ !T  N  0# 4$ 1J/ 1#< B
> R .  .8# BT EZ N# $M N  ", 0#
@' > 18  104 .5 : E# # J8
0 $  B: N  G#  ,  /  0#
  
202
A8 = B5 N 0# , 4 0 E# ./ +0 
 !/JF- 0 !- E# A8 K#4 =5 N  - B#
.  
 4$4   :4, )separation(  
$M    - $    4$< E0 , .  
0 8 # G#P = #)Wirzup, 1976( N  T $ 8 B
   +0  , / )Fuys, Geddes, & Tischler, 1988 .(  
 4$5*   :+, )attainment(  
 - +'  B$M N  ",  +0 ; - 8 8 
  6$# ) G#"( B : B&4", B<# !' KF
 - B!' B  )Usiskin, 1982.(  
 8 A4 $ =  :  8 ./ O*4$ R /
 . 4$ "3 # $ 8  ( !- )E# N ( #
 +08 !"    +0 V D=5 N .  
  
##  ! ( ) :  
  E  !- "/ = BW< # !'#  G,U 5-   
8 / 8 J$   ;8  )Usiskin, 1982(  - 8 6
# XF ')van Hiele, 1986    Teppo, 1991  Fuys, 
Geddes, & Tischler, 1988; Wirzup, 1976" .( ./ 8 ", - "/-
                                                 
*
  AF-  Usiskin B.: 8#: O*4$ / 1 8 15  B4$ R 
 N  "J -   +, 8 / 1F  4$ R 1#/
G",   $M.  
  
203
 >>8 -  8 1#$ - BXF - 8 ./ R/  5- 6
 - ",  8 -) "van Hiele, 1999  .(  - ?'  8
$M N  #0 " @/  8 ; *   '> Z " B
 @ - B$M N  "J +0 . #/ )Usiskin, 1982 (
 1 $ 4$ Q)+, attainment .( 8  = - 8
  6$ J$  $M N  ",  +0 ; : B&4",
 B<# !' - KF B!' B   .   \< 
)1999 (  R:  
1.  &4",inquiry : ./ R/ # 0 ># 6 -# - T#
8 .# A<. 
2. <# !' direct orientation :   "0#  "] =
#0 
# .# O*4$. 
3.  KFexplicitation : ./ #0 E'<  104 8 "
  # <" &5- $. 
4. !'  free orientation : $ 0# >'(  G 8 "
"#   #  #0 1 "4. 
5.  integration : W BG"# R8  E' #0 4  =
W# 0<- 4. 
@8  R J$ 8 - -   N: 1 B 00$ 
 104 $ B<^  O*4$ . #0 R#)T ( 
  +0  1J<  1 E'< B$ ./ #0 E'<
<:    $ #0  .   $  #, Q
  
204
': 5   1geoboard ( B"+8#  -#) "Van Hiele, 
1999.(  
 . F)#1   B 8: N  #0 "  
$M V DT 6  $  ?'   ,$M N  " .
   -)   Fuys, Geddes, & Tischler, 1988 (  < +#- -
 N  ./- N T 8 $ ( DT >' . 8  8
#0 !# ' ? . 8 AJ$ +## A8F +0 8 # 4 - -
   8' 0: -)     Gravemeijr, 1998 .( BGJ5
8 ## R8 / A$ +0 ## 8 .8 .  +0  "
 !- ./ E# A8 ,  B8 R - O*4$ S8#  8 ./ A8
8 .1J8 O*4$  /'  8 B8 ##  : ?>
HJF- BHJF: N B ..8 E# -  B_ . $ 8' 0: R
 @ T $ P #0 8 # 4 8)Q - # -( B
8 $  .     @ )   
Gravemeijr, 1998 (#0   8 0# 8' G0- ;< -  
6 .  
  1 A4 /-   - . ! '   
 0" 1 5J5 .  : B N B?4# N
 ? N)Teppo, 1991( !   - B)1999 ( E Q 
 < P 
,# =5 Ninformal deduction level . 1"# 

 O*4$/W#   @ 1 B    . < O$
  
205
)1 ( 8 1 B8  1 R learning periods  
  N  . ?U  )Teppo, 1991:(  
  
 <)1 :( 5J5 1    
)$ #(  
 
*
+  
) N3( 
 
 ,, +0 $)# ( 1#5)
 1J8. 
 
 
 
, 
 
  
 
  
!'  
  
KF 
  
 !'<# 
 
-# -, .
 
 
18 
 
  
) N2( 
 
 J$  <: ./ +0 A8
 4*4$. 
 
 
 
, 
 
  
 
  
!'  
  
KF 
  
<# !' 
 
/0 -, .
 
 
18 
 
*
&(  
) N1( 
 
 <: ./ +0 A8?4# . 
  
 206
  2  
  
	
      
  
 	 
	    :  
  
2	(    
   ! "#  $%&  
2'(    
 (  !  $%& 
 ) 
*  
2+(     $%, - . - /*$ -& 0  
2(     $%, 
1 (  2  
23 (    $(   
2*(    4 - . ( *$ $*  $%& 51$  
 207
 2(      
 !  
  
( 6,:  
1.  
89 : ;*$$ *9  $%& - -$% <*$ $
- 0* =  -#1 *9 -> . (*$ 
 0*
 
89 < :)254@  (>  A1.  
2. %& BC
 '$! 
8 :  $ . : 
 - 'C*
 . $D$ $ 
 2 
* : 4 '$! : 
 $!
  
 E . (*$ 
 2 
* -	 
6, <
 A1 4! '  
89 : :)20 -#1 4@ 
 - 0* = 25>  A1 4@ .( 
3.   $% ( #1 : F - 0* =  -#18 
( #1 . : G*$ . >  A1  $%  	12 
 
#1)( $ 
* < ( =   $% % =#
> * . 
4.   	 - 0* =  -#1 ( $ 
* H ($
E#D  E$ 
 - 'C . > .  
  
 208
  
	
  *  
    
"#$   
  
%& %'$(  ! )* + $ ,-  
  
 : - $&  ;*$25 4@ )12
#1 
#1 I  E.    .(  .$ -/ 0
 ! 
1
  .$ -2  -  & .- 3 4! & 	 1
 . =  ) - $& AE
 E !#$
 9 > * - 0* =  A*#1 . -# 
 G . & - '$ !

 	 %5 4!  . 
#! : 0@ * .  J KL - $&  M8 $ %$$
N & 
# M  . ( * $ . 4 : I%9 O!>.  
  
 O5P - 8  
 2 
* . ( * 
8$ -.  
  
 O,:) $  :	$ -D/; 
 2 :  
  
1( 	)/
  4@ 4! ; .	)/
 2 ( % < ;.  
  
2( B/ 
 ) ;	 ; O$ $$ $/ 
1  E	 -)1
  7 83 -( -3( .<// ;
 A 4* H8) 	3  + '
1 
 2  R ( .
 2 
*4@  '  .  
  
3( %$/ 
 2 
* : S# ; .9 !/! )* .$ ;.  
  
4( 5 
 ) ;	 L$ (	 )/N 8 E *9 
 2 ;. 
  
5(  !/-/ ;.  
  
6( <. %T U 1  ($ )/O ; ' O.  
  
7( - $& (*: 35
  .  -: A*$ 
 $! *9 </* ,   (* 
 E -: -,:2 :. 
 
8(  3 (*  E$ 4 $ (*  O,:) $10 * 8  58  . 
  
9( 
 2 
* : 
1%> ( * 
8$ =$ &. 
  
	)/;.*$  .  
                                                 
*
  © 1980 by the University of Chicago.  Reprinted with permission of the University of Chicago. 
© 1980 .- L>$ 
  
6*# * < .- L>$ 
  - -V "%* - $&  
$ ($ 
 209
  
  	
  
  
1(  W	B;X Y-W9 Z>[4 !\ ] ^X
\ Y_<`a 
 
 
) 	(  . =.  
) '(  . U.  
) +(  . b.  
) (  U  <3  . b.  
)3   (YX\\  EYBY( . 
 
 
 
2(  W	B;X Y-W9 Z>[4 !\ 
 $ 0^cdJa 
 
  
  
  
  
  
 
) 	(  B	 =N \  E e00 .f  
) '(  . 4.  
) +(  . .  
) (    <3  . -.  
)3   (4  <3  . . 
  
 
 
3(  W	B;X Y-W9 Z>[4 ! 
Y[ c$\ g$^Xh4a 
 
  
  
  
 
) 	(  . 4.  
) '(  . ;.  
) +(  4  <3  . ;.  
) (  4  <3  . O.  
)3   (YX\\  Eg$^X(,. 
  
= U b 
O 4  - 
* 4; O 
 210
4(  W	B;X Y-W9 Z>[4 ! 
Y[ c$\ Y_<`a 
 
  
  
  
  
 
 
) 	(  ^gY=W	 B;>^ Z!i4X ZYE\  YBN .  
) '(  . b.  
) +(  4  <3  . b.  
) (  b  <3   =..  
)3   (YX\\  EYBY( . 
  
5(  W	B;X Y-W9 Z>[4 ! 
Y[ c$\ $^Y*W	 ;g/ab, 
 
  
  
  
  
  
 
) 	(  . -.  
) '(  . 4.  
) +(  -  <3  . .  
) (  ^gY=W	 B;>^ Z!i4X ZYE\  $^Y*W	 ;g/b,.  
)3   (\\  E$^Y*C( W	 g/jb,. 
 
  
 
6(  < -  4 O 
 W	B;X Y-Y X( ,e$ [ YX
Y1 XYd
.  4! \Y_a< 
  
 
) 	(   O  <3  \ - $^Y]* - .  
) '(  - 4  <3  \  O$^YX -.  
) +(  - O  <3  \  4$^YX -. 
) (  - O  <3  \ - 4$^Y]* - .  
)3   (XY\= ]* YW	 4 
Z!Y\X g-X Y\= ]* Y 
. 
 
  
= U b 4 
4  - 
O 4 
 - 
 211
7(  \ 4 b U =g$^Xh4C ZY\IU  b = 4 . 
 
  
  
  
  
  
W	B;%^ X(  - )	 ( )(e$ [ YX
 Y=Y1 X N X.C! k4\ g$^Xi4a  
 
 
) 	(   *4
8   * . 
) '(   *4b,/	 .  
) +(  -* $ - . 
) (  
* $ 
 $ b,/9.  
)3   (YX\<Y Y*  YYW	 g:\I,Y1 X5`X. C! k4\ g$^X4. 
  
  
 
  
  
 
8(  YX\-\ Y*>^ Z!h4\ YX: lY X\<W	 g/X:,X"\ $^Y]* Yd
 
 
  
X.YY  X0^ CJ,W	 gX0^m
:  
  
  
  
  
 
 
W	B;%^ X(  - )	 ( )(e$ [ YX
 Y=Y1 X N X.C! k4 -Ya  
 
 
) 	(  - * $ -.  
) '(  C!n4C Zj\ ^o1CA]* YX -$g-Y Y*Y  X-.  
) +(  - $ -. 
) (  
* $ 
 $  *.  
)3   (YX\<Y Y*  YYW	 g:\I,Y1 X5`X. C! k4- . 
  
  
 
 
4 = 
U b 
 212
9(  \0^cCJ\ $^]* _ ;^ g\ -Y*\ 0^edJX. X"X/ ZY]- \ $^Y]* Y-  
 

0	 J,0   .:  
  
  
  
  
  
 
 
W	B;%^ X(  - )	 ( )(e$ [ YX
 Y1X5`X. C! k4\ 0^cmJ\ $^]* _ ;^ ga-  
 
 
) 	(  Y]\'W	 g-$^ C!Y-*W9 g/\b,Wc0 0^,C
\ $^]* YN
.  
) '(  Y]\'W	 g-\ Y]* C ;p4*W	 YXW9 g/]b,X/ gA^C [4*X/ Zj<%^T .  
) +(  Y]\'W	 g- -*!$  J0 . - $*49 :\ $^]* Y]-$X.  XY]= . 
) (  Y]\'W	 g-Wc0  * -*!$ 0^,C
\ $^]* YN
.  
)3   (Y* &\W	 B;%^ Yj Y1 Xj5  -)	 ( ).(  
 
  
 
  
10(  Y ! - [8Y]-$$^ $^^ ]- X: ZY4   <3   O*YZC$\M>^ Z!h4\ YX: BO - 4  .  
X   .0^& -: 
 
  
  
  
  
  
  
 
 
W	B;%^  X(  -)	 ( ) (e$[ YX
 Y=Y1 XN  Y[8aN   
 
 
) 	(  \^YO X/ ZY]- c> . Z!\ O - 4  4$^Y]* Y- .  
) '(  c> .Z![4Y O   O - 4  ]*Y]- $ Y:^W9 ^q4\ $^Y]* Y]- $.  
) +(  -  - $  <3  \ 4 O$^YX -. 
) (  XY\= Y ]*Y\  
Y]* X ;Y\= Y ]*YO 
.  
)3   (YX\<Y Y*  YYW	 g:\I,Y1 X5`. 
  
 - 
O 
4 
- 
 
O 
4 
 213
11(  - $   .: 
 
  
 
1  :4$ * = 4!>.  
  
2   :J0 * = 4!>.  
 
  
a51 
 $ ( % - ;	  
  
 
) 	(   
 ( ! )1 
 -V. 
1 2
1 .  
) '(   
 ( ! )1 -V. 
8 %  
2
1 .  
) +(   - $ -*!$ -	 -! &1  <3  2N  -$1 . 
) (   - $ -*!$ -	 -! &1  <3  2N  -$8 % .  
)3   (Y* &\W	 B;%^ Yj Y1 Xj5  -)	 ( ).( 
  
  
  
  
 
  
  
 
12(  - $   .: 
 
  
 4 
  :b,/9 ;* $ + ' 	 J0.  
  
    :0 .+ 
* =  ;*  ' 
* =  + ' 	 J.  
 
  
a51 
 $ ( % - ;	  
  
 
) 	(  N  -$1  Y* 4 - $ -*!$ -	 -! &.  
) '(  
1  
 -V. 
1 4 
 ( ! ).  
) +(  
1 4 
 -V. 
1  
 ( ! ). 
) (  
1  
 -V. 
8 % 4 
 ( ! ).  
)3   (Y* &\W	 B;%^ Yj Y1 Xj5  -)	 ( ).( 
  
  
  
 
  
  
  
 214
13(  aN,$ I $: -! 
 $ 4 !>9 - ;	 
 
  
  
  
  
  
 
 
) 	(   E.  
) '(  . U.  
) +(  . b.  
) (  =  <3  . U.  
)3   (U  <3  . b. 
  
  
 
  
 
14(  a51 
 $ ( % - ;	 
   
 
) 	(   < U8 1%  (,$ U8 1% <( .  
) '(  (,$ < U8 1%  (  U8 1% <.  
) +(  b,/9 ( *$ < U8 1%  (,$ U8 1% <.  
) (  b,/9 ( *$ < U8 1%  (  U8 1% <.  
)3   (Y* &\W	 B;%^ Yj Y1 Xj5  -)	 ( ).( 
  
  
 
  
 
15(  <  E $$ $ 
1 %  ab,/9 ( *$ K  E $$ &* (,$  
   
 
) 	(  
* $ 
 $ b,/9.  
) '(  -* $ - .  
) +(  
*$ 
 $ b,/9. 
) (  
* $ 
 $  *.  
)3   (Y* &\W	 B;%^ Yj Y1 Xj5  -)	 ( ).( 
  
b 
U 
= 
 215
16(  
 
' . 
* 8  + ' 	 J0 .0  >) $ ' 3 ' 	  + 	 b,/9 
* $ ( 0
 $ 4!> .  ! + ' 	 J0 b,/	 : O +: 
 
  
  
  
 
 

 . < $$ 3 +  ' O 	 -	 ( 0) -! ( * I -.  
a-   - M$$ -	 -!    
 
 
)  	 (   O 	 -	 !D$ -	  ! * J0  . .  <3    '  <3   < 3$$ 3 +
H* 
 ..  
) '(   K .)< . =* (O 	 < $$ 
* 
8  ( 00  <3   '  <3   +
H* 
 . 3.  
) +(  O 	 < $$ 
* 8  J0 ;	 .  <3   '  <3  H* 
 . 3 +. 
) (  O 	 < $$ J0 ;	 .  <3   '  <3  H* 
 . 3 +.  
)3   (O 	 < $$ b,/9 ;* $ J0 ;	 .  <3   '  <3  H* 
 . 3 +. 
  
 
 
17(    4!> U8 1% J,0   .: 
 O 
1 %  :
* $  	 ".  
 4 
1 %  :< *.  
  
1 %  :4$ *.  
 
  
a51 
 $ ( % - ;	  
 
 
) 	(   ;@$ $ 4 ) ;@$ O  *) .  
) '(   ;@$ $  ) ;@$ O  *4 ).  
) +(   ;@$ $  ) ;@$ 4  *O ).  
) (   ;@$ $ O ) ;@$   *4 ).  
)3   ( ;@$ $ 4 ) ;@$   *O ). 
	 
' + 
 
3 
O 
 216
  
18(  - $   .:  
  
 
1  :,$ 4!> - ! ) .%P  E 4! A1 I -V.  
 
2  : %P  E 4! A1   4!>  	 ( ! ).4$ 4!> -V. 
 
  
a51 
 $ ( % - ;	  
 
 
) 	(   
 -	 ( 021 
 -	 (0 -	 #! 
1 2
1 .  
) '(   
 -	 ( 022 
 -	 (0 -	 #! 
1 1
1 .  
) +(   
 -	 ( 022  -	 #! 
1  N* N,$I  E 4! A1 
%P.  
) (   
 -	 ( 022 N,$ = N* N,!>  -	 #! 
8 % I A1 
%P  E 4!.  
)3  (Y* &\W	 B;%^ Yj Y1 Xj5  -)	 ( )(. 
  
  
  
  
 
  
 
19(  
E .: 
 
  
 
) 	(  1 
 4! 
1 ( 0) -!* 1: 4! A$ -!
.  
) '(  
1 4 K -	 K$. ;*/ - -!* 1: 4! A$ -!.  
) +(   
 4! 
1 ( 0) -! -!* 
.B r 1  K 4* '

1.  
) (   K -	 K$. ;*/ - -!* 
.B r 1  K 4* '

1 4.  
)3  (Y* &\W	 B;%^ Yj Y1 Xj5  -)	 ( ).( 
  
  
  
 
  
 
 217
20(  
 
0,0 4 	

  
 $ :  
  
)1( - *$ J 0 $ : - * - $.  
)2( %P : N *: -*! -*$ -$ - ;	 : ;* $. 
)3( - *$  EV. ( 0 - $ -  - ! ). 
 
  
  -$ -	  $ 4!> .  <3  - -$ -	* - $ 4<3 4 
- $ . I,:	 4 - ;	 -	 -!a - $ ;*   $ -	 . N  -*!$ 
  
 
) 	(   
)1 (..  
) '(   
)2 (..  
) +(   
)3 (..  
) (   
  ))1 ( 
 *	)2(.  
)3   (  ) 
)2 ( 
 *	)3(. 
 
  
21(   
E . ) E$$ $ O$ -: A$%$ 
/ 
 .  E$$ ( <3	 3*$
 *% 
$*  . . . -$ : ;*$ % 4! .    ( ! ) :  4 O
 *% -V. -  :}4 O{ } O{ }- O{ } 4{ }- 4{ }- {  
 
  
  
  
  
 
 
 ( ! $   5/*$   ."< $ " *";*$ " 
 .:  
•  - $} 4 O{ }  O{ 
3 3: - *$  E9 O 
 : -  $ 
O * 
!$>. 
•  - $}4 O{ }- {
!$>   : - *$ &  E9 - *$  .  
  
 - ;	 
  ( * -a
1 
 $  
 
) 	(  } O{  <3  }- 4{-  $ .  
) '(  } O{  <3  }- 4{- *$ .  
) +(  } 4{  <3  }- {- *$ .  
) (  }- O{  <3  } 4{-  $ .  
)3   (Y* &\W	 B;%^ Yj Y1 Xj5  -)	 ( ).( 
  
4  
- 
4 
 
O 
- 
 218
22(  J0$=  . 
* $ 	 
0,0 )  E$8$  
*  . .  :1847 (0	 
. 
B r H*  . %$   * J0$ 4$ - "	 ( /   :  .
a( 02  - + $$& O!   
  
 
 
 
)  	 (   4$ -A1$. 
B r H*  . %$   * .  
) ' (   H*  . %$   * J0$ 4$ -B
. .  
) + (   (*	 %$   * J0$ 4$ -.  
)   (   J30$  3 
3  -	 4$ . U%> -!$ -	 -! - 4 &
. 
B r H*  . %$   *.  
)3  (  3. %$   * J0$   
  ) - -!$ -	 U%> ;9 -! &
 r H*. 
B. 
 
  
  
 
23(  
 
 
  
 :$% 
 *$E " - 4*9 A ( /   :     
3 -*3!$ J

1 
 $:  
 - 4	 J0  * b*180
 .  
 
  
a51 
 $ ( % - ;	  
 
 
) 	(  D%	  J0  * =  ..  
) '(  D%	   4&$& ..  
) +(  G  ht % `E.  '*1.  
) (  	   E $ 
E .  E. $ O$ -: 
#$% ( /$. -.  
)3  (Y* &\W	 B;%^ Yj Y1 Xj5  -)	 ( ).( 
  
 
  
  
  
  
  
 
 219
24(   $! O  . - -$#$% -$ 4$ 
! - .  * 
E. 
 
  
a51 
 $ ( % - ;	  
 
 
) 	(  - 	 . - $!   D%.  
) ' (  D% -#$ - 	 . -*! -	 -! & ) O #$ #$% - - 4$.  
) + (   -3: 
3#$% U8 13%  3E - $! - 	 . (,$ -*!$ -	 &
%P ' $! . (,$.  
)   (   (,$3 U8 1% =#  E - $! - 	 . (,$ -*!$ -	 &
.%P ' $! .  
)3  (
#$% - $! . (,$ U8 1% -*!$ . 
 
  
  
  
  
 
25(   -$ ( 0V ( O	 K$.1 2   !: 
 
  
 
1  :  U  -V.  =  ( ! )]= '$!$*U[ 
 
2  :  U =  -)  b  ( ! )]b '$!$* ~U [  
 
  
$ -! 
 $ 4 - 
 ;	 -$ -  E $1 2a  
 
 
) 	(      b  -V.  =  ( ! ))=b(  
) '(   = =  )] '$!$~= [    U =  -) )~=  ~U (  
) +(       b  -V.  U *	 = ( ! )) =∨ U b (  
) (      = =  -)  b ( ! )) b ~= (  
)3  (  -V.  b =  )       =)~b = ( 
  
220
 29(  ! -( 3 "    
	
    
-/ 3  

 $ ( * 
8$  :  
  
 &0,0: __________________________________  :__________________ 
=: !  0	  A1:  6  8  10 
-! -*:: _______________________________ %  
  
  

 : _______________________________ %  
  
  

 b*: *!  J )  
$%  A>2 
E: 
*!  
 !*  
1 %  
- $& x $: _______________________________  
  
/	
 
	
  
  
 
 

  	  	 
 	)"# $%	
 & '( 

 )* #(  
1(  	 ' +  3   
2(  	 ' +  3   
3(  	 ' +  3   
4(  	 ' +  3   
5(  	 ' +  3   
6(  	 ' +  3   
7(  	 ' +  3   
8(  	 ' +  3   
9(  	 ' +  3   
10(  	 ' +  3   
11(  	 ' +  3   
12(  	 ' +  3   
13(  	 ' +  3   
14(  	 ' +  3   
15(  	 ' +  3   
16(  	 ' +  3   
17(  	 ' +  3   
18(  	 ' +  3   
19(  	 ' +  3   
20(  	 ' +  3   
21(  	 ' +  3   
22(  	 ' +  3   
23(  	 ' +  3   
24(  	 ' +  3   
25(  	 ' +  3   
  
  
221
 2=(  ' 5 >3 !?*  
	
    
- /*$ -& 0  
  
3A ?:  
  
  
  
 M$  -: $ -!2 + 2 % - 0!D . 
  
 
W	B;%^ X( - ) 	 ( ) (e$[ YX
 Y1X5`a  
 
 
) 	(    5 
) '(   3 + 2  
) +(   2 × 2 
) (    32 ÷ 4  
)3   ( -)	()(Y* & \W	 B;%^ Yj Y1 Xj5.  
 
  ?  +> )= (D   ! 	 4+7. 
  
	? ?:  
  
  
  
 M$  -: $ -!2 + 2 % - 0!D . 
 
  
W	B;%^ X(  - )	 ( )(e$ [ YX
 Y=Y1 X N  : 4!>a  
 
 
) I(  4 
) *(  3 + 1  
) (  2 × 2 
) |(  32 ÷ 8  
)3   (YX\<Y Y*  YYW	 g:\I,Y1 X5`  : 4!>. 
  
  " 0-  ?  +>) ( .) ( E !  9- & 47 	
) 93 F! .(    ! 	)E ( "E 0E-  1 A)	()( 
7. 
  
!$ :1
  7 83 -( -3 
                                                 
*
    	 
* : - 0 - C 90   ×135  E6$  !*  .  
  
222
 2(  ' 7 "-/  
  
1(  	   '   +      3 
2(  	   '   +      3 
3(  	   '   +      3 
4(  	   '   +      3 
5(  	   '   +      3 
6(  	   '   +      3 
7(  	   '   +      3 
8(  	   '   +      3 
9(  	   '   +      3 
10(  	   '   +      3 
11(  	   '   +      3 
12(  	   '   +      3 
13(  	   '   +      3 
14(  	   '   +      3 
15(  	   '   +      3 
16(  	   '   +      3 
17(  	   '   +      3 
18(  	   '   +      3 
19(  	   '   +      3 
20(  	   '   +      3 
21(  	   '   +      3 
22(  	   '   +      3 
23(  	   '   +      3 
24(  	   '   +      3 
25(  	   '   +      3 
  

6,  :%  E$$ $  
1 (  2  
  
223
2E (  " G  
  
 $ * (:	 M  .  E %2 
 2 
* . (   
SPSS .  ! 
  4*)5 ( $:  
  
  4*)5  :( M  .  E %2 
 (   $SPSS  
 " 7 " G 
! 0 = 
0	 1 
A1 >  - 0 =   *  !)6 8 10( 
% 0 

 1 
 - ! 
 <* *	 -!
.L 

 2 
*! 0 
J ) 1 
 b* 

$% 2 

*!  0 

 !*  1 A>2 
E 

1 %  2 
 $%& 
8	 125   A 
. /) <   !q  
  
  
224
23(      "3
 3 ! +7†  
  
! 
 (  ) 4 %)  M  :   SPSS *! (   $ ' 
  ) 51$ (  2 $ H :) $0 *	 D% 
 ~ 1 
1 
 ~ )  6	
 2 $%, 
1 (  2 - ;  .( =%  $%& 
8	 (1	*
 -*>*)q1 q2.. q25 ( * 4$q1rcod q2rcod ... q25rcod 51	* 
  ) (   4!>0 *	 1.  
'  4! 4 - . G*$ $ 4	 -* :  
1 (* 
% M$* (:p	* G*$ 4! 
% '  (  ) < $ :lvl0 
lvl1 lvl2 lvl3 lvl4 $ ! :  
lvl0 = q1rcod + q2rcod + q3rcod + q4rcod + q5rcod 
lvl1 = q6rcod + q7rcod + q8rcod + q9rcod + q10rcod 
lvl2 = q11rcod + q12rcod + q13rcod + q14rcod + q15rcod 
lvl3 = q16rcod + q17rcod + q18rcod + q19rcod + q20rcod 
lvl4 = q21rcod + q22rcod + q23rcod + q24rcod + q25rcod 
 -  E 4! 
 |*$$ < *0 * 5
 ) 
1 .  
2 ( $ :p	lvl0 lvl1 lvl2 lvl3 lvl4 51$ level0 level1 level2 
level3 level4 
 $   -/ O* '   E $ ( *$ 
. R
)Usiskin, 1982:(  
                                                 
†
   < M  : $ 4SPSS K H: * M  : 4  "# J  "   * 
U %>9.  
  
225
) 	(   : '  41 -	 - & G*$ ;	 $ 4	 -3 
1 (  ) 
 -5	 ! . 
) '(  4*9 G*$ '   -	 : '  A1$ $ ! 9  * *
A1 r "	 '  $:p	 O r* 4 - . ( *$ :.  
) +(   G*$ ;	 '   -	 4	 -)nN,0 (  *	 * $ -	 & R
 " 9 G*$)n+1 (. ( *$ 
E 
1 % : N $:4 - . 
  
  </* $ 
    -/ G*$ ;9 '  $ 4  .1 .* 
  </* $ G*$ "$ : 
 0 . M  -	 6, -*SPSS </*  
  (.)'  " G*$ %T ($ $ ( *$.  
  
3 ( L$ </* $ '  4! 4 - . G*$ $  4level# %T </ ; 
'  " G*$ . - 4 - . ( *$ A1$ L$  41  5 . 4	 -*
 
 I . <$ *  ! A1$ H :)) - ;	0  4 ( V L$ </* $level 
 '  4! 4 - . G*$ $ 4	 -)leve# - 1.(  
  
  
  
226
  3  
	
 :   
  
  	 
	   
	 	 	  
 ! . 	#$   	 
%	 	  &	' 	(
 ) 	 *	+ ),	 ## 
-.	 /	 
	 0+1
+ ,	 ## *	+
-.	 23 4 . 	  5+   #6
2:  
  
389(  	 :%	 		 #9  
38;(  ,	 ## 
-.	  
38*(  
-.	 23 4+ ,	 ## *	+  
38#(   	 *	+  
  
  
227
 3(  	
 :    
  
	
 : 69' 9 )	 )
	 )<    
  
	
 :  
 	39 23 
	 0+ % = #	3)Burger & Shaughnessy, 
1986; Shaughnessy & Burger, 1985 ( (!  5-(? @-	 $
  &% ,	 ## #+ !	  A#	  .  = &/
 
	 # B##	 +	 'interview template ,	 ## 23 B#6 
 ( $? &	 C?# #+ (!)Pusey, 2003 .( 9 0+ 	 
+	'
 ); ( 	 	: 
  
1.  Drawing 
D=/	  / )=/	  # ; &	 ; &3 5$ E&/   F
 ),$9  +/ F &//	 &3 5$ D=/ =/	  )	 .. (
 G# HI+ . J 	!$	 . K 5$ 5( ; JL /
M &9 N+(	 C//	 ( M' &3 
//	  
 <I $ 		 K 5-(8; (-L 8   (-F 
' &3 !$	 . 
//	 ##3   #3 		 K 5-( 	(
 	 &(	 )##	 O 9 ##	.( 
  
228
2.  5 5Identifying and defining 
9 (  5 :P(-9  6  ; 23 ) (- Q+91(L )&	 ; 
	 23 @ 5 ' ;	 23  5 ) . Q9 
L )	 	 &	 ( 3 %	 ;N+	 ; 5 ' &9 
&	 23 & 5 )@'F R0	 23 0 . 	 ; JL /
 (-9 23 -.  	 )## (-F K 23 
-1 '
,$9. 
  
; ( 5  : JL ;" 	 R
 NE<$- ( 	 # 	 
M(-F 6 % 
	 "
  MG  $ G+(	 
 62 6  M	 9 
 &	 ;L M@'9 R0	
 K#3  ! # ;
 6 (- &J2 9 )	 
 6 (- &99 @'9 R0	 )	 ( -	 I9 JT 
	 &

+	 @'F 
0	 (  
! 		 K 5-(
(-F & 	- ? 
63. 
 
 
 (-1  
  
229
 (-2  
3.  5+ Sorting 
   	 
//	 &	 3		 /+T) (-2 (JL / ); 	9" : 
 N-  
//	  	 G+(	
 5( M	  'M' N- "
JL /" :  	 G+(	 
  ' N-  
//	
 N- 5( M B	 &3 5$
M'  "  A!+ . 	
 
//	 5+  ; &(	 	
B## .  
  
4.  M(-  	Mystery shape 
9 (*:=   " :C(- V$9 +9 	 5 &9 G+	 ;	 )&W 	 
 (- IF &	 &(		 ##3 69 J &J .? 9 + X % ;J +9  .
 # &	 J ? R9 )N+	 C#(J	 &( 	#+3 (-  &3 J &9 '!
 /	 " 9 	 9 	   ..Y .M+!"  
                                                 
*
  )
	 &	' +	' 5-	 = 6 #6 )# 5-	 &	 @# &	   K 
 6 = K  $ (-9 
6 	  =.  
  
230
-( 2  K 5# % 5 )+ 
6 (-F <I $  
 5+ &( = )B# O B# 2  I9 B-	  B# O IF 
 (-  %	 %( 
	 9 I?# # &# (-  Z %)&	$ R9 .(
/	 :M	    
 (- &3(-F #+   
  	 % 	 )  &(  R9
I!$ .( (-F ( = 6 #6
 &(	 ( )3 & ' [ 6
 	 !+  G	1 &	 !F
	.  
; :(    "M(-  	 "+	 ?#   ); 	 . 
= :"	 (- 
	 23 R 	I6 	 .  C# 
	 K G$J
 
+9 (! ( $\ ]	 ( & 56J )$W? 9 (- 
%3  . # 	#+3
+	39 +!69 )(- 
%3 G+9 .C$\ C	 +	 ;9  N%  .  G+(	
9 
#F &	 R9 #$ 9G		".  
 JL )(- 53 N+9 ; ( 	#+3N R 	#(J	 C &	  N%	
N9 ^ &9 $\ ]	 &(	  )(- . )(- ?#? B/ 		 K 
 
 
 (-3  
  
231
(- ## %( 	 ' - 23 5 . # 	-)1 )2 )3 (
 
	 	 	 )@'F R0	.  
 #1  :  % @'F R0	 
	"M(-  	) " # 	(
 %Burger & Shaughnessy, 1986(  
1.@'9 9 N )^	 (-.  
2.' N& 6 &$\ )& &.  
3.&	 & &'.  
4.&	 &  &'.  
5.N%,$9 0 A6 &	 (9 6 0 .  
6.&	 &0 N%.  
7.&	 &$F &0.  
8.&0	 & &'  
9.&0	 &  &'  
  
 # % 	( 	 	 &	 ( 
	 	  = 6 #6
2 )3 #+3 N+9 Q	 	 )&  6 ]	 (5 ! &# % 
(- 23 ; 5 &9:  
  
 #2  :  % 	 
	"M(-  	"  
1.@'9 9 N )^	 (-.  
2.&0	 &	 &' (.  
3.	 N3'9 	.  
4.&#		 K6.  
5.	 K0 	.  
6.	I6 K0 	.  
  
232
 #3  :  % 	 
	"M(-  	"  
1.@'9 9 N )^	 (-.  
2.& 6 &$\ )& &' N.  
3.&	 & &'.  
4.&	 &  &'.  
5.	 K0 	.  
6.	I6 K0 	.  
7.0	 &	 &' (&.  
  
  
 
Q		 +/9 3? & $9 :  
• M	 )B N ;  (-F &3 5-( R ]	 6 ; J 
•  6 ]	 ; 2!( 5M,$9 
	 ; 9   
  
233
 3(     !  
)Burger & Shaughnessy, 1986(  
  
 F ,	)0:(  
  
1.  $ #$ <I)
!  ( 0	 ## (-F +	 6# O
!+ .  
2. (-F 0	   	+  2 #+?  
3.  K /	 )!  (-F 0	 #+3 63 
 
 <I $ &	'
 !  % (-)!  23 (-  !((  
4. G# 23 B# #3/@+ %I+ (-F @+F .  
5.  ? <I $ ; 5+  &9 2+	 )
!+  + #3 9 6+
!+ 	 (-F .  
6.  ## ' -( <I $ &	 B#!? 9 #$ 23 B# #3
 	( )B# 6 
	 # (-  	  % (- &	$ )/	 )(-
  B  23 = 
+	$ 
+( .  
  
  
  
234
 +/ ,	)1:(  
  
1.  I $ #$  ]  (- (-? +	.  
2. 3 (-F /	 (-F & ? 
63 % $ #3. 
3.  )0  @'F <I $ /	 )B# <I $ ; 5+ 
 )/	 ....(. 
4.   %( <I $ ## &	 ?# ' <I $ )(-F 0	
 (- ## )
0	 K ! )(-  	  %.( 
5.  I	9 &	 ?#  I $ -	 ]  #$ $ &	 (-F 5 
/	 )	F K 5 &(  2 : 9 N (- )	 &	 ?#
 )@'9	I6 0 9. 
6.  
%  '! )(-` #	 ;( 
! ]  %
 $-. 
7. /	 )'! #  <% #+3 0!( #+ 	 	 : 23 #	3?
Q	 )3+	 
	. 
8. ' & ! ]' <+. 
  
  
  
235
 =/ ,	)2:(  
1.  	( 
! (-(-`.  
2. B## !	 % 
! K #$ )6 
! # 23 B#.  
3. 
! 23 ]' #+.  
4. 
! I%(	 (-9 6 23 B#.  
5.  
63 &	 G % 	 (-` +	 I0 ; 6.  
6. C' 6# 3+	 <I $ ; (-9 5+  23 B#. 
7.  	 ]  #$ "&a% )."  
8.  /	 +	' #$ )  (- O + 
3# &( 23 B#
 R# B#36 /	 +	 
+( K) * 
+( ) * 2 R#. ; 
+( 
 R#. ; &% )# 2 R#.# 2.(  
9. 
Q+ 
# & $.  
  
  ,	)3:(  
1. 6# ^ 
(-	 O  B#3 '	^ IF ]'.  
2. 
/ 
?	 )I# &	$ /+?  
+	$ + /*+?.  
3. X( & 2 #+?" "' '!   % I+.  
4. /	 )' ;$ %  + #9 % : )
Q+ )
! )
#
&.  
5. #61 #+ 
		 ]  6.  
  
236
 3#(   ! $% &'
   #('  
):  _______________________________  *':  
   (  
2/+9  
+,:  
 6        8       
10  
	 :  _______________________________  -:  ___________  	
 
 	%:  ___________________  
        	
 ' 	%:  ___________________  
   !:  
  
 ./ )0(     0'1 )1(     21 )2(      3
)3(  
1.  (-F +	 6# O <I $ #$
!+  0	 ##.  
  1.  #$  ]  (- (-F +	
 I $.  
  1. (-` 	( 
! (-.    1.  B#3 '	^ IF ]'
6# ^ 
(-	 O .  
2.  0	   	+  2 #+?
F(-.  
  2.  (-F & ? 
63 % $ #3
3 (-F /	.  
  2.  
! # 23 B#
 
! K #$ )6
B## !	 %.  
  2. 
/ 
?	 )I# &	$ /
+?  
+	$ + /
*+?.  
3.  #+3 63 
 
 <I $ &	'
	 % (- K /	 )!  (-F 0
! .  
  3.  /	 )B# <I $ ; 5+ 
 )/	 )0  @'F <I $
 ....(.  
  3. 
! 23 ]' #+.    3. X( & 2 #+?" "
 '!   % I+
'.  
4. G# 23 B# #3/ %I+ @+ 
(-F @+F.  
  4.  ## &	 ?# ' <I $ 
 %( <I $ K ! )(-F 0	
 (- ## )
0	)(-  	  %.(  
  4.  I%(	 (-9 6 23 B#

!.  
  4.  ;$ %  + # %
/	 )' : )
#
& )
Q+ )
!.  
5.  &9 2+	 )
!+  + #3 9 6+
  ? <I $ ; 5+ 
!+ 	 (-F.  
  5.  ]  #$ $ &	 (-F 5 
  2 I	9 &	 ?#  I $ -	
/	 )	F K 5 &( : &	 ?#
9 )@'9 9 N (- )	 0 
	I6.  
  5.  (-` +	 I0 ; 6
 
63 &	 G % 	.  
  5.  #+ 
		 ]  6
#61.  
  
237
6.  &	 B#!? 9 #$ 23 B# #3
 )(- ## ' -( <I $
 # (-  	  % (- &	$ )/	
	( )B# 6 
	 
+	$ 
+(  
  B  23 =.  
  6.  #	 ;( 
! ]  %
 $- 
%  '! )(-`.  
  6.  ; (-9 5+  23 B#
C' 6# 3+	 <I $. 
  
    
    7.  #  <% #+3 0!( #+ 	 	
/	 )'! : 
	 23 #	3?
 )3+	Q	.  
  7.  	 ]  #$ "&a% )."  
  
    
    8. ' & ! ]' <+.    8.  
3# &( 23 B#
 )  (- O +
 K /	 +	' #$
 B#36 /	 +	 
+(
 R#) ) * 2 R#. ; 
+( 
 ; &% )# 2 R#. * 
+(
# 2 R#..(  
    
    9.  
# & $

Q+.  
  
  
 BX- X' X$ &	 )	 ; 
 ; ; ( (! ,	 c9 Z	 '  	 +/9 *	+  = & 
 ; N 6 	3  R -.	  .  ## ; &	 ,	 &3 ;  
-1 (F ,	 ( #+3  . & CJ	 ; 
 
-1 
  &+	 &		+	 ( #+3 .  
  
  
238
 3(  	
4 	
 #('  
( 	 
 <$ = 6 )	  		 :  
1 .  Drawing 
• =/	   
• D=/	 $ E&/ 	  F &3 5.  
• ,$9  +/ F &//	 &3 5$ =/ =/	 .  
• ...  
•  .. ( G#B#!	 HI+ . J 	/!$	.  
88888888888888888  
• M' &3 
//	 K 5$ 5(  
• M &9 G+(	 C//	 (  
  
2 .  5 5Identifying and defining 
 
9  (  5 :P(-9  6  ; 23 ) (- Q+91( ) 
 
• 	 23  5 )	 23 @ 5 '.  
• )	 	 &	 ( 3 %	 ; Q9 (  
• &	 23 & 5 )@'F R0	 23 0 5 '.  
888888888888888888888888  
•  -1 
' 	 (-9 23 -.  	 )## (-F K 23 

,$9. 
  
;  ( 5  : 
• 	 R NE<$- ( 	 #M(-F 6 % 
	 	   
• MG  $ G+(	   
•  6 2M	   
•  6 9M@'9 R0	   
• ) @'F 
0	 
	 &	 ( -	 I9 JT
+	.(  
  
239
3 .  5+ Sorting  :); 	9   	 
//	 &	 3		 /+T(  
• M	  ' N-  
//	  	 G+(	   
• M' N- 5(  
•  BX	 &X3 5X$ X ' N-  
//	  	 G+(	 
M  
• M' N- 5(  
)A!+ . 	B##  
//	 5+  ; &(	 	  (  
 
4 .  M(-  	Mystery shape 
9 :(    
 = " : ##3 6J (-  	 5 &9 G+	 ;	 )&W 	 C(- V$9 +9
 IF &	 &(		 . ? 9 + X % ;J +9  . 	#+3 (-  &3 J &9 '!
( /	  # &	 J ? R9 )N+	 C#(J	 &" 9 	 9 	   ..Y .
M+!"  
  
; :(   
 = " : 	 (- 
	 23 R 	I6 	 . 
X	 KX G$JX
 
+9 (! ( $\ ]	 ( & 56J )$W  C# ? 9 (- 
%3  .
	#+3 +	39 +!69 )(- 
%3 G+9 #  . C$\ C	 +	 ;9   NX%  .
G		9 
#F &	 R9 #$ 9  G+(	".  
  
(- 53 N+9 ; ( 	#+3:  
• G R 	#(J	 C &	  G%	M(-  
• MG9 ^ &9 $\ ]	 &(	   
  
 #1  
F R0	 
	  % @'"M(-  	"  
1 .@'9 9 N )^	 (-.  
2 .' N& 6 &$\ )& &.  
3 .&	 & &'.  
  
240
4 .&	 &  &'.  
5 .,$9 0 A6 &	 (9 6 0 N%.  
6 .&	 &0 N%.  
7 .&	 &$F &0.  
8 .'&0	 & &  
9 .&0	 &  &'  
  
 #2  
  % 	 
	"M(-  	"  
1 .@'9 9 N )^	 (-.  
2 .&0	 &	 &' (.  
3 .	 N3'9 	.  
4 .&#		 K6.  
5 .	 K0 	*.  
6 .	I6 K0 	.  
  
 #3  
	  % 	 
"M(-  	"  
1 .@'9 9 N )^	 (-.  
2 .& 6 &$\ )& &' N.  
3 .&	 & &'.  
4 .&	 &  &'.  
5 .	 K0 	*.  
6 .	I6 K0 	.  
7 .0	 &	 &' (&.  
 *3 ; 5 &9 !]	  ( # (- 2 . 2!(  	 Q	 ;
,$9 
	 ; 9 + ;.  
• M	 )B N ;  (-F &3 5-( R ]	 6 ; J 
 241
  4  
	
   
 	
	  
  	 
  )      ( "#
$% &'()  *+,   .  ) )   	  ./
/ + &$ 0	) 1*2   " 345 +./  .  
0	 ' 0/    *.' 6  ."  	  0:  
48'(   "#  9 &185  
48 (   "#  9 &6810  
48:(   "#  9 &11815  
48.(   "#  9 &16820  
48;	(  #   "9& 21825) <3 , (  
48(     =4 (,    "#9 > &)1825(  
48?(      $% &' (   .  
48@(       $% &' (   .  
48(  9 &   *. 5   .  +3 A5 
) (,.(  
48B(  9 &    +3 A5  *.C 5    
)(,.(  
48D(  9 &    +3 A5  *., 5    
)(,.(  
48((  9 &    *. 0/ 0	 '   . 
 )(,.(  
480(  9 &    0/ 0	 '   C   *.
)(,.(  
48(  9 &   0/ 0	 '   ,   *.
 )(,.(  
 242
4(    
 	
	 15  
  
    
 	
	1 -5  	 ) !"(  
#$ 
 
%&  
%& #'"   ( ' !" 
 	
	
)* 
 
	
$ 
 
	
+ 
1. > "#   0.8 .290 3.3 3.3 1.6 0.8 90.2 9.8 
2. AC "#   3.5 2.0 55.5 .034 3.3 1.6 34.0 66.0 
3. # ( "  37.7 3.1 .554 1.6 1.8 1.2 54.5 45.5 
4. (& > "#   7.0 .875 7.2 7.4 1.6 1.0 75.8 24.2 ,
'	

 
5. 
 B? "# 
EF49  
23.2 18.9 20.3 10.2 .426 1.0 26.4 73.6 
 
 
         
1. > "#   1.4 .891 1.8 4.3 0.2 0.4 91.8 8.2 
2. AC "#   2.1 1.2 31.0 61.8 2.3 1.6 61.8 38.2 
3. ( "#   24.6 2.1 68.8 1.8 1.6 1.0 68.8 31.2 
4. > "#   4.9 76.0 4.1 9.2 4.3 1.4 76.0 24.0 -
	
.
 
5. 
 B? "# 
EF49  
15.6 11.5 21.8 3.5 45.2 2.5 45.2 54.8 
 
 
         
1. > "#   1.1 .696 0.8 0.8 0.4 0.4 96.6 3.4 
2. AC "#   2.6 0.4 37.7 .256 2.6 0.4 56.2 43.8 
3. ( "#   20.8 1.9 .875 0.0 1.1 0.4 75.8 24.2 
4. > "#   9.4 .875 2.6 10.6 1.1 0.4 75.8 24.2 /
	0

 
5. 
 B? "# 
EF49  
11.7 9.1 27.2 1.5 .250 0.4 50.2 49.8 
GF :$ / + +	  5.  
 * $ B' $ 0 H' ' $  C' $   '  + I$' )  +3
&$ H .(  
  
 243
4(    
 	
	 610  
   
 	
	 6 -10  	 ) !"(  
#$ 
 
%&
%& #'"   ( ' !" 
 	
	
)* 
 
	
$ 
 
	
+ 
6. J&$ > 11.5 23.2 38.5 15.6 5.5 5.7 23.2 76.8 
7. J&$ ( 6.1 8.0 9.4 9.0 64.8 2.7 64.8 35.2 
8. J&$  18.4 16.2 15.0 6.4 40.0 4.1 18.4 81.6 
9. 
J&$ AC B 
2 
18.6 7.2 32.4 14.5 25.6 1.6 32.4 67.6 ,
'	

 
10. 
J&$ (, # K +# 
&. >< )2 1&( 
17.6 12.7 16.0 18.6 29.3 5.7 18.6 81.4 
 
 
 
        
6. J&$ > 11.3 33.7 33.7 14.4 2.9 4.1 33.7 66.3 
7. J&$ ( 11.9 6.8 5.3 7.0 66.9 2.1 66.9 33.1 
8. J&$  24.6 11.1 11.5 4.5 45.6 2.7 24.6 75.4 
9. 
J&$ AC B 
2 
11.9 6.4 44.6 10.5 24.6 2.1 44.6 55.4 -
	
.
 
10. 
J&$ (, # K +# 
&. >< )2 1&( 
12.3 14.0 15.4 23.0 30.8 4.5 23.0 77.0 
 
 
 
        
6. J&$ > 10.2 40.4 32.1 8.7 4.2 4.5 40.4 59.6 
7. J&$ ( 7.9 4.2 3.8 2.6 80.0 1.5 80.0 20.0 
8. J&$  30.2 5.7 8.7 7.5 43.0 4.9 30.2 69.8 
9. 
J&$ AC B 
2 
9.1 3.0 44.2 9.4 31.7 2.6 44.2 55.8 
/
	0

 
10. 
J&$ (, # K +# 
&. >< )2 1&( 
9.8 8.3 12.8 37.7 26.0 5.3 37.7 62.3 
GF :$ / + +	  5.  
 * $ B' $ 0 H' ' $  C' $   '  + I$' )  +3
&$ H .(  
 244
4((  
 	
	   1116  
    
 	
	11 -16  	 ) !"(  
#$ 
 
%&  
%& #'"   ( ' !" 
 	
	
)* 
 
	
$ 
 
	
+ 
11. 
 ( +< (%.
( AC 
12.5 24.8 21.5 7.2 29.3 4.7 21.5 78.5 
12. AC AC B 2 13.122.7 15.2 19.1 20.5 9.4 22.7 77.3 
13. 2F# (>  9.6 10.2 19.3 4.1 53.9 2.9 9.6 90.4 
14. 
 F 
EF49 ? 
14.0 11.9 26.1 14.2 29.8 4.1 14.0 86.0 
,
'	

 
15. 
F ? 
EF49 
25.6 16.8 14.3 16.6 22.5 4.1 16.8 83.2 
 
          
11. 
 ( +< (%.
( AC 
9.4 22.0 27.1 10.5 26.9 4.1 27.1 72.9 
12. AC AC2 B  13.336.6 14.4 11.7 16.6 7.4 36.6 63.4 
13. 2F# (>  16.2 6.6 8.8 4.5 62.4 1.4 16.2 83.8 
14. 
 F 
EF49 ? 
14.0 15.5 11.7 10.9 44.9 3.0 14.0 86.0 
-
	.

 
15. 
F ? 
EF49 
18.1 20.9 12.1 16.0 28.7 4.1 20.9 79.1 
 
          
11. 
 ( +< (%.
( AC 
6.0 18.1 38.1 6.4 26.4 4.9 38.1 61.9 
12. AC AC2 B  7.5 40.8 19.2 7.5 14.7 10.2 40.8 59.2 
13. 2F# (>  19.6 3.8 5.3 4.2 67.2 0.0 19.6 80.4 
14. 
 F 
EF49 ? 
14.0 11.9 26.1 14.2 29.8 4.1 14.0 86.0 
/
	0

 
15. 
F ? 
EF49 
18.1 28.7 7.2 14.7 28.3 3.0 28.7 71.3 
GF :$ / + +	  5.  
 * $ B' $ 0 H' ' $  C' $   '  + I$' )  +3
&$ H .(  
 245
4'(    
 	
	 1620  
  
    
 	
	16 -20  	 ) !"(  
#$ 
 
%&
%& #'"   ( ' !" 
 	
	
)* 
 
	
$ 
 
	
+ 
16. : (AC 0&<  25.4 19.3 16.0 14.3 13.9 11.1 16.0 84.0 
17. 
# ( <  J&$
 >(<  
18.4 16.2 21.1 15.8 20.1 8.4 21.1 78.9 
18. C (2 ( H 13.6 14.0 20.5 24.2 21.8 6.0 24.2 75.8 
19. ' ./  (  25.613.9 17.4 16.0 18.0 9.0 16.0 84.0 
,
'	

 
20. 
) 	)  B?  
<( 
14.1 17.0 26.6 16.6 17.2 8.4 14.1 85.9 
 
 
 
        
16. : (AC 0&<  24.2 16.8 27.7 14.6 9.7 7.0 27.7 72.3 
17. 
# ( <  J&$
 >(<  
24.4 17.5 18.1 18.9 15.4 5.7 18.1 81.9 
18. C (2 ( H 14.0 13.2 18.1 30.2 15.8 8.7 30.2 69.8 
19. ' ./  (  32.212.5 14.2 16.0 17.9 7.2 16.0 84.0 
-
	.

 
20. 
) 	)  B?  
<( 
9.2 20.5 26.7 19.1 18.3 6.2 9.2 90.8 
 
 
 
        
16. : (AC 0&<  23.0 12.5 21.5 18.1 14.0 10.9 21.5 78.5 
17. 
# ( <  J&$
 >(<  
34.7 13.6 18.5 9.8 16.2 7.2 18.5 81.5 
18. C (( 2 H 13.6 14.0 20.5 24.2 21.8 6.0 24.2 75.8 
19. ' ./  (  34.012.5 15.8 14.3 16.6 6.8 14.3 85.7 
/
	0

 
20. 
) 	)  B?  
<( 
6.8 15.1 31.3 22.3 15.5 9.1 6.8 93.2 
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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 +	  5.  
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	20 -25  	 ) !"(  
#$ 
 
%&
%& #'"   ( ' !" 
 	
	
)* 
 
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21. 
.	 % .2 )1(8 
B? >< 
47.5 10.2 3.8 6.4 19.2 12.8 10.2 89.8 
22.  AC?  13.6 11.7 9.1 22.3 26.4 17.0 26.4 73.6 
23. 
.	 % .2 )2(8 
AC ? E 
20.8 7.9 8.3 22.3 26.0 14.7 22.3 77.7 
24. 
.	 % .2 )3(8 
( J&$ 
6.8 12.1 15.8 21.9 26.8 16.6 26.8 73.2 
/
	0

 
25. :  +/+, 21.1 12.5 10.6 20.8 10.6 24.5 20.8 79.2 
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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$ 0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48?(      $% &' (   
.  
  
     $% &' (   5 &   
. C ,  02 
(6 
(6 .	  
 "C'  "C'  "C' 
1 > "#  88.5 92.0 89.8 93.4 96.1 97.3 
2 AC "#  35.9 31.9 57.0 66.7 60.1 50.9 
3  "# ( 56.9 51.8 63.5 73.7 75.8 75.9 
4 (& > "#  74.4 77.4 73.0 78.6 78.4 72.3 
5 EF49 B? "#  27.5 25.2 39.8 50.2 51.6 48.2 
6 J&$>  21.4 25.2 26.6 40.7 40.5 40.2 
7 J&$(  62.2 67.7 59.4 74.1 78.4 82.1 
8 $J&  16.8 20.4 26.2 23.0 39.2 17.9 
9 J&$2 B AC  37.027.0 44.7 44.4 49.0 37.5 
10 
J&$ (, # K +# 
&. >< )2 1&( 
23.3 13.3 19.7 25.9 43.8 29.5 
11 
 ( +< (%.( 
AC 
25.2 17.3 25.8 28.4 40.5 34.8 
12 AC2 B AC  26.3 18.6 32.8 40.3 44.4 35.7 
13 2F#> (  9.9 9.3 16.0 16.5 23.5 14.3 
14 
 F 
 ?EF49 
13.4 5.3 15.6 11.9 16.3 10.7 
15 FEF49 ?  19.813.3 20.5 21.4 32.7 23.2 
16 :AC ( 0&<  17.6 14.2 25.8 29.6 19.0 24.1 
17 
# ( <  J&$ >
(<  
24.0 17.7 16.4 19.8 22.2 13.4 
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. C ,  02 
(6 
(6 .	  
 "C'  "C'  "C' 
18 C (2 ( H 17.6 17.7 19.7 28.8 35.3 23.2 
19 './  (  13.4 19.0 13.5 18.5 15.0 13.4 
20 
) 	)  B?  
<( 
16.0 11.9 9.8 8.2 5.2 8.9 
21 
.	 .2 % )1(8 >< 
B? 
* * * * 9.8 10.7 
22 ? AC  * * * * 25.5 27.7 
23 
.	 .2 % )2(8 E 
?AC  
* * * * 22.2 22.3 
24 
.	 .2 % )3(8 J&$ 
( 
* * * * 25.5 28.6 
25 :  +/+, * * * * 18.3 24.1 
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48@(       $% &' (   .  
  
     $% &' (   5 &    
 -	. /	0  
%& 
%& #'" 
. 2 0$ . 2 0$ . 2 0$ 
1 > "#  90.2 93.7 87.1 92.0 96.1 85.9 96.2 97.4 100.0 
2 AC "#  39.2 26.6 22.6 64.6 59.7 52.9 59.8 47.4 60.0 
3 ( "#  58.9 41.8 50.5 72.0 63.6 60.0 81.5 61.8 80.0 
4 
 > "# 
(& 
75.3 74.7 78.5 77.8 72.7 70.6 76.6 76.3 40.0 
5 
 B? "# 
EF49 
26.9 26.6 24.7 47.4 41.6 38.8 49.5 52.6 40.0 
6 J&$>  25.0 16.5 22.6 33.8 33.8 32.9 39.1 44.7 20.0 
7 J&$(  61.1 64.6 77.4 66.2 61.0 74.1 79.9 78.9 100.0 
8 J&$  20.9 19.0 9.7 25.2 24.7 22.4 31.5 28.9 0.0 
9 
J&$ B AC 
2 
35.8 32.9 20.4 47.4 35.1 42.4 45.7 40.8 40.0 
10 
J&$ (, K +# 
&. >< # ) 1&
2( 
19.3 19.0 16.1 26.2 15.6 16.5 39.7 32.9 40.0 
11 
 ( +< (%.
(AC  
22.5 17.7 21.5 27.4 26.0 27.1 35.3 44.7 40.0 
12 
AC B AC 
2 
23.7 22.8 19.4 39.7 36.4 24.7 41.3 40.8 20.0 
13 2F#> (  10.4 8.9 7.5 18.5 7.8 15.3 23.4 9.2 40.0 
14 
  F
 ?EF49 
10.4 8.9 7.5 16.0 7.8 10.6 14.7 11.8 20.0 
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 -	. /	0  
%& 
%& #'" 
. 2 0$ . 2 0$ . 2 0$ 
15 
F ? 
EF49 
17.1 10.1 21.5 22.2 18.2 18.8 26.1 35.5 20.0 
16 :AC ( 0&<  15.2 16.5 18.3 27.1 28.6 29.4 22.3 18.4 20.0 
17 
# ( <  J&$
 >(<  
19.6 21.5 25.8 16.9 22.1 18.8 19.6 17.1 0.0 
18 
C ( ( 
2H 
17.4 25.3 11.8 23.7 35.1 16.5 31.5 26.3 40.0 
19 
'  ( 
./ 
15.8 15.2 17.2 14.8 26.0 11.8 15.2 11.8 20.0 
20 
) 	)   
< B?( 
15.8 5.1 16.1 7.7 11.7 11.8 5.4 10.5 0.0 
21 
.	 .2 % )1(8 
><B?  
* * * * * * 9.2 13.2 0.0 
22 ? AC  * * * * * * 26.1 27.6 20.0 
23 
.	 .2 % )2(8 
 E?AC  
* * * * * * 25.5 13.2 40.0 
24 
.	 .2 % )3(8 
&$ J( 
* * * * * * 23.9 35.5 0.0 
25 :  +/+, * * * * * * 22.3 18.4 0.0 
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